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 Zusammenfassung 
Die umfassende Analyse von 25 unterschiedlichen Genera von Großforaminiferen aus der 
Oberkreide bezüglich ihrer globalen Verbreitung zeigt signifikante Muster. Diese sind auf 
Gattungsniveau in eine regionale, eine überregionale und eine globale Kategorie unterteilbar. 
Insgesamt lassen sich vier Faunenprovinzen (FP) aufstellen: 1) Karibische FP, 2) Asiatische 
FP, 3a) Europäische Tethys, und 3b) Afrikanische Tethys. Diese sind durch das Auftreten 
bzw. durch Absenz spezifischer Taxa definiert. Die Faunenprovinzen der Europäischen und 
der Afrikanischen Tethys zeigen interferierende Muster die im Grenzbereich amalgamieren. 
Eine eindeutige Differenzierung bedarf deshalb weiterer Analysen. Die Europäische Tethys 
kann weiterhin in einen westlichen sowie einen östlichen Bereich gegliedert werden. Die 
Auswertung der Diversität zeigt einen maximalen Wert im westlichen Bereich der 
südeuropäischen Tethys. Ein weiteres Diversitätsmaximum befindet sich im östlichen Teil. 
Die Diversitätsmaxima sind vermutlich in der zur Verfügung stehenden Fläche (flache 
Schelfbereiche) und den damit einhergehenden Faktoren (große Individuenzahl, hohe 
Temperatur, starke Sonneneinstrahlung, hohe Mutationsrate) begründet. 
Oberflächenströmungen sind im Wesentlichen für die Verbreitung von Großforaminiferen 
verantwortlich und beeinflussen damit auch gleichzeitig die Biodiversität. Das 
Diversitätszentrum in der oberkretazischen europäischen Tethys ist in seinen Eigenschaften 
mit dem heutigen “hotspot” der marinen Diversität, das sich im Indopazifischen Ozean 
befindet, vergleichbar. Man kann daher von einer Verlagerung des “hotspot” aus dem 
europäischen Bereich der Tethys in der Oberkreide in den Indopazifik heute sprechen. 
Maßgebliche Voraussetzung für diese Verlagerung war die Veränderung der 
paläogeographischen Situation von der Oberkreide bis heute. 
 Abstract 
A detailed biogeographical analysis of the global distribution of 25 different genera of larger 
symbiont-bearing foraminifera from the Late Cretaceous reveals that they exhibit distinct 
patterns. On a generic level, the distribution is divisible into regional, superregional and 
global categories. Four Faunal Provinces (FP) were established: 1) Caribbean FP, 2) Asiatic 
FP, 3a) European Tethys, and 3b) African Tethys. The precise classification of the latter two 
Faunal Provinces into subprovinces requires further detailed studies. The European Tethys 
can be divided into western and eastern subprovinces. The analysis of generic diversity shows 
a maximal value in the western part of the Southern European Tethys. A second peak, with a 
minor value, is situated in the eastern part. Maximum diversity appears to result from the 
large available area (shallow shelf regions) and corresponding physical and biological factors 
(high temperature, high insolation, high mutation rate). The prevailing sea surface currents are 
the main influence on the distribution of the larger foraminifera, as well as on the extent of the 
bioprovinces. The center of diversity in the Late Cretaceous European Tethys is comparable 
in its characteristics with the modern “hotspot” of marine diversity, which is situated in the 
Indopacific Ocean. Therefore, it is possible to speak of a displacement of the “hotspot” from 
the European Area of the Tethys in the Late Cretaceous to the Indopacific region in modern 
oceans. The displacement is the result of paleogeographic changes that occurred since the 
Late Cretaceous. 
  
Table of content 
Zusammenfassung 
 
Abstract 
1 Introduction ................................................................................................................. 1 
2 Material and Methods................................................................................................. 3 
3 Foraminifera ................................................................................................................ 7 
4 Late Cretaceous Paleoenvironmental Setting......................................................... 10 
4.1 Paleogeography .............................................................................................. 10 
4.2 Paleoceanography........................................................................................... 12 
4.3 Paleoclimatology............................................................................................ 17 
4.4 Paleoecology .................................................................................................. 19 
5 Distribution of Larger Foraminifera....................................................................... 21 
6 Faunal Provinces ....................................................................................................... 23 
7 Diversity Pattern ....................................................................................................... 27 
8 Results: Biogeographic Distribution of the Genera ............................................... 32 
8.1  Spirocyclina.................................................................................................... 33 
8.2  Loftusia........................................................................................................... 36 
8.3  Cuneolina ....................................................................................................... 42 
8.4  Dictyopsella.................................................................................................... 47 
8.5  Lacazina ......................................................................................................... 52 
8.6  Chubbina ........................................................................................................ 57 
8.7  Pseudedomia .................................................................................................. 61 
8.8  Raadshoovenia ............................................................................................... 66 
8.9  Rhapydionina ................................................................................................. 70 
8.10  Subalveolina ................................................................................................... 75 
8.11  Meandropsina................................................................................................. 78 
8.12  Nummofallotia ................................................................................................ 82 
8.13  Orbitoides....................................................................................................... 87 
8.14  Omphalocyclus ............................................................................................... 95 
8.15  Clypeorbis .................................................................................................... 103 
8.16  Sirtina ........................................................................................................... 107 
8.17  Helicorbitoides ............................................................................................. 112 
8.18  Hellenocyclina.............................................................................................. 116 
8.19  Lepidorbitoides............................................................................................. 120 
8.20  Sulcoperculina.............................................................................................. 128 
8.21  Pseudorbitoides ............................................................................................ 133 
8.22  Vaughanina .................................................................................................. 138 
8.23  Orbitocyclina................................................................................................ 143 
8.24  Laffitteina ..................................................................................................... 147 
8.25  Siderolites..................................................................................................... 152 
  
9 Discussion................................................................................................................. 159 
9.1 Biogeographic Patterns of Larger Foraminifera........................................... 159 
9.2 Faunal Provinces of Larger Foraminifera .................................................... 163 
9.3 Diversity of Larger Foraminifera ................................................................. 168 
10 Conclusions .......................................................................................................... 175 
11 Acknowledgement ............................................................................................... 177 
12 References ............................................................................................................ 178 
13 Appendix .............................................................................................................. 193 
13.1 Sampling Material ........................................................................................ 193 
13.2 Tables of the Genera .................................................................................... 195 
13.3 Localities ...................................................................................................... 270 
13.4 Diversity in the Localities ............................................................................ 275 
 
 
Introduction 
 1
1 Introduction 
Analyses of patterns of biodiversity are of enormous significance for scientists. They 
concentrate either on recent biodiversity patterns to find out where the “hotspots” are located 
and why they occur at that position, or they analyze the patterns of biodiversity in different 
time slices to interpret the changes in time and space. All these approaches are useful features 
to understand the variety of life, its changes through time and finally suggest potential 
avenues for the preservation of biological variety. 
The subject of this dissertation is the analysis of patterns of diversity in larger foraminifera 
that have lived during the Late Cretaceous. The time slice under consideration is from the 
beginning of the Santonian (85.8 Ma) to the end of the Maastrichtian (65.5 Ma). This time 
span is of particular interest as it is just before the huge mass extinction at the end of the 
Cretaceous, in which about 85 % of the marine and terrestrial species become extinct. 
Due to their great abundance throughout the phanerozoic time and their global distribution, 
foraminifera provide spectacularly detailed datasets, which can be used to recognize patterns 
of biodiversity and their changes in time and space. In addition, larger foraminifera are 
particularly useful for distributional analyses since genera and species appear to follow 
similar patterns of dispersal (Adams, 1967; Langer and Hottinger, 2000). 
To date, predominantly local distribution patterns were studied and global diversity patterns 
of larger foraminifera have been only sparsely investigated. Langer and Hottinger (2000) 
examined the global distribution pattern of selected recent larger foraminifera and Adams 
(1967, 1983, 1989) analyzed patterns from the Tertiary. They established Faunal Provinces in 
respect to the time span under consideration. Today four Faunal Provinces for larger 
symbiont-bearing foraminifera exist: 1) the Inner, Central Pacific province, 2) the Central 
Indopacific realm, 3) the Western Indian Ocean including the Red Sea and the Persian Gulf, 
and 4) the Caribbean realm (Langer and Hottinger, 2000). For the Tertiary three Faunal 
Provinces were compiled: 1) America, 2) Tethys, and 3) Indo-Pacific (Adams, 1967). These 
changes raise questions concerning driving mechanisms of biogeographic pattern through 
time and potential causes affecting these changes. 
The biogeographic distribution of Late Cretaceous symbiont-bearing larger foraminifera has 
not been examined to date. This work of the global distribution of 25 genera therefore fills a 
gap. 
Aim of this work is to increase the knowledge of the global biogeographic distribution pattern 
of several larger foraminifera in the Late Cretaceous. Priority was given to the analysis of the 
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prevailing literature, which deals with the occurrences of the chosen genera, and the critical 
verification of the data presented therein. In addition, material from selected locations was 
added to this data set. The aim was the establishment of global distribution maps for each 
genus of larger foraminifera. With the help of these maps common biogeographic patterns 
were compiled. On the basis of the distribution patterns, faunal provinces were defined and 
are compared with the currently accepted faunal provinces of Tertiary and Modern taxa 
(Adams, 1967; Langer and Hottinger, 2000). The observed changes were recorded and 
subjected to causal analysis. The diversity of Late Cretaceous foraminifera was examined and 
compared with available recent and fossil diversity pattern. These changes in biodiversity 
pattern through time are of special interest for researches in biodiversity as they allow 
statements about the driving mechanisms. The results can be used to track geologic changes 
and to solve geologic problems of the past. 
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2 Material and Methods 
In this study the global distribution patterns of 25 genera of larger benthic foraminifera were 
analyzed. The generic classification is based on Loeblich and Tappan (1988). The material 
used for this analysis stems from 1) critically reviewed literature, 2) sampling material from 
different locations, and 3) material which was provided by other scientists. 
The first step was the establishment of a database: the data recorded were author, stratigraphic 
age, location, location number, illustration, and facies for each genus. The dataset is based on 
about 200 critically reviewed scientific publications of different authors, who analyzed 
selected regions for their foraminiferal content or concentrated on the distribution of certain 
genera or species. The rule was to check the presence or absence of the foraminiferal genera 
in the cited locations. The illustrations in the literature were of special importance as they 
allowed the verification of the generic identification. If no illustrations or morphological 
description were provided, the data were treated with special caution. 
The examined time slices comprise the Santonian (85.8-83.5 Ma), the Campanian (83.5-70.6 
Ma) and the Maastrichtian (70.6-65.5 Ma). The ages are based on the International 
Commission on Stratigraphy (ICS, 2004; Gradstein et al., 2004). The global correlation of the 
Late Cretaceous (Santonian, Campanian and Maastrichtian) was based on planktonic 
foraminifera (Figure 2.1) following the correlation after Bolli et al. (1985) and Berggren et al. 
(1995). 
 
Stage Planktonic Foraminifera 
Abathomphalus mayaroensis 
Gansserina gansseri 
Globotruncana aegyptiaca Maastrichtian 
Globotruncanella havanensis 
Globotruncanita calcarata 
Globotruncana ventricosa Campanian 
Globotruncanita elevata 
Dicarinella asymetrica 
Santonian 
Coniacian 
Dicarinella concavata 
Figure 2.1: Stratigraphic correlation based on planktonic foraminifera (Bolli et al., 1985) 
 
Additional material was collected from Greece and from Spain. Those localities were chosen, 
because they are situated at the eastern and the western margin of the Cretaceous Tethys 
respectively, and can be called “key regions” of the Tethys. With a prevailing westerly flow 
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Greece lies at the “beginning” of the Tethys, Spain at the “end”. A comparison of the faunal 
content from both localities can provide information about the distributional ranges of 
foraminifera. The sea surface currents, coming from the eastern part of the Tethys, have to 
pass through the relatively narrow strait between Spain and Africa. Due to their distribution 
via surface currents, it is supposed that most of the foraminiferal genera that occur in the 
eastern part of the Tethys should appear in this region too. 
Sampling on the SW-Peloponnes (Greece) took place from 21.07.2003 - 28.07.2003. The 
areas sampled are situated between the localities of Pylos and Methoni, Messinia. Thin 
sections were made from the rock samples using a bronze sintered diamond cut-off wheel. 
These were analyzed for the presence of the studied genera. The sampling around Tremp, 
Catalonia (Spain) occurred from 29.09.2003 until 03.10.2003. Here predominantly loose 
material was sampled, which was dissolved either in 30% H2O2, or in H2O, for 24 hours 
depending on the material. Afterwards the foraminifera were picked out of the material and 
identified. Additionally, it was possible to analyze some material from Marseille (France), 
Jamaica and Haymana (Central-Anatolia), which was provided by Prof. Dr. Lukas Hottinger, 
Naturhistorisches Museum Basel, Switzerland. An overview of the samples and the location 
can be found in the appendix 13.1 “Sampling Material”. 
 
Analyses of Late Cretaceous carbonate platforms (Figure 2.2) by Simo et al. (1993) indicate 
areas with shallow marine water. These regions provide indices of expected occurrences of 
larger symbiont-bearing foraminifera. To the south the main appearance is limited by the 30° 
latitude, while the northward extension reaches about 35° North. 
 
 
Figure 2.2: Cretaceous Carbonate Platforms (Simo et al., 1993) 
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The dataset, which can be found in a table in the appendix 13.2 “Tables of the genera”, was 
used as foundation for the construction of the biogeographic distribution maps. In this table 
the following aspects are described: 1) Publication, 2) Citation (primary literature), 3) Genus, 
4) Species, 5) Reference, 6) Formation, 7) Stratigraphic Age, 8) Location-Number, 9) Station, 
10) Site, 11) Location-Description, 12) Country, 13) Faunal Province, 14) Illustration, 15) 
Association, 16) Lithology, 17) Collection Déposée, 18) Abundance, 19) Facies, and 20) 
Remarks. With the exception of the Location-Number, the Faunal Province, and the Remarks, 
all data were taken from the literature. Detailed positions were only included when provided 
in the literature. 
 
Nearly 200 tropical and subtropical locations worldwide were analyzed. Closely situated sites 
were combined generating about 80 locations, which were plotted on a global world map 
(Figure 2.3; modified after Ziegler et al. 1997) showing the paleogeographic situation during 
the Maastrichtian.  
 
Figure 2.3: Localities (modified after Ziegler et al. 1997) 
 
For reasons of clarity, some of the closely spaced localities in the world map were plotted 
together (e.g. Belgium (30) + The Netherlands (57) = 80; Jordan (75) + Israel (53) + Lebanon 
(54) = 81). An overview of all locations with the appropriate location numbers is given in the 
appendix 13.3 “Localities”. A distributional map was established for each genus in which 
localities were plotted showing where individuals of that genus have been reported. 
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With the help of the distribution maps Faunal Provinces (FP) were established. Further, the 
diversity of the foraminifera was analyzed and compared with the biodiversity of recent larger 
foraminifera. 
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3 Foraminifera 
In modern oceans foraminifera represent an astonishingly diverse group of shelled 
microorganisms. In 1988, Loeblich and Tappan described 2455 foraminiferal genera, 878 of 
which are recent ones (Sen Gupta, 1999). Due to their great abundance they are used for 
biostratigraphy, age dating and correlation of sediments, and paleoecological interpretation 
(Loeblich and Tappan, 1988). The first unambiguous benthic foraminifera are of Cambrian 
age (Langer, 1999; Sen Gupta, 1999) and the earliest most-probable foraminifera are of 
Precambrian age (Langer, 1999) while the first planktonic species occurred in the Middle 
Jurassic (Schiebel and Hemleben, 2005). 
In 1992, Loeblich and Tappan raised the taxonomic rank of foraminifera from an order to a 
class, so that in the systematic classification of Sen Gupta (1999) the class Foraminifera 
belongs to the Kingdom Protocista, Subkingdom Protozoa, Phylum Granuloreticulosa. 
Foraminifera are marine eukaryotic protists, which possess granuloreticulose pseudopodia and 
a test. This test can be built of various materials which gives rise to a differentiation of several 
groups of foraminifera: 1) organic material (Allogromiina), 2) agglutinated material 
(Textulariacea), 3) calcium carbonate microgranular (Fusulinacea), 4) calcium carbonate 
porcelaneous (Miliolina), 5) calcium carbonate hyaline (Rotaliina), and 6) opaline silica 
(Silicoloculinina). Further, foraminifera are also characterized by an alternation of asexual 
and sexual reproduction. This feature was often the reason for some confusion as it is 
sometimes associated with a pronounced dimorphism e.g. in Rhapydionina, which was first 
designated as two genera. 
The test morphology shows a great variety. It ranges from single-chambered to multilocular 
forms, with chamber arrangements varying from simple uniserial to complicated streptospiral 
or trochospiral. Also, the apertures show a high diversity from single terminal to multiple 
cribrate openings. These features are often adapted to the environmental setting of 
foraminifera. Observations of modern foraminifera, their morphology and their environment 
have made it possible to reconstruct the environments of the past. 
Larger foraminifera, on which this thesis focuses, first occur in the Late Carboniferous with 
the group Fusulinids (Hottinger, 1982) and numerous genera are still present today. They can 
be distinguished from their smaller relatives by their larger size (2 mm – 15 cm, Hohenegger, 
1999) and in contrast to their smaller counterparts they possess a complicated internal 
structure. Most of the larger foraminifera house endosymbionts. These are unicellular algae 
(diatoms, rhodophyts, chlorophyts, dinoflagellates) living in the cytoplasm of the host, where 
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they photosynthesize (Hottinger, 1982; Leutenegger, 1984; Hallock, 1988). They are 
distinguishable by the coloration they give to the living foraminifer (e.g. diatoms give 
foraminifera a brownish and yellow, rhodophyts a purple and chlorophyts a green color; 
Röttger, 1983). The presence of endosymbionts in fossil foraminifera can be recognized by 
polygonal eggholder structures in which they have lived (Hottinger, 1982). The advantages of 
the symbiosis between host and symbiont are not yet completely clarified. Foraminiferal 
benefits might result from the energy from photosynthesis and calcification increases while 
the symbiont assimilates the hosts metabolites (Hallock, 1999, 2000). 
Due to the symbiosis the larger symbiont-bearing foraminifera adapt to their environments 
and also their test morphology and shell structure to the requirements of the symbiont. To 
allow photosynthesis the symbionts need an environment with clear water, which can be 
found best in oligotrophic settings of neritic shallow regions. The foraminifer itself optimizes 
the light intensity by building thin transparent test walls or light-collecting mechanisms like 
nodes and pillars, or they retard high irradiation by building thicker tests or porcelaneous 
structures, making the walls impenetrable (Hottinger, 1997; Hohenegger, 1999). Too strong 
effects of light can be regulated by symbiont movement or by crawling into shaded areas 
(Hottinger, 1997 and literature therein). 
Larger fossil foraminifera are usually found in carbonates and calcareous clays. The favored 
environments are the open shelf, fore-reefs, top-reef and back-reef (lagoonal), where they live 
on or near the sea floor or on the vegetation (Adams, 1983; Langer and Lipps, 2003). 
Another very important factor for larger symbiont-bearing foraminifera is the prevailing water 
temperature. Langer and Hottinger (2000) discovered that in general the minimal 
temperatures of most modern larger foraminifera are between 14° C and 20° C, which 
restricts the distribution to the tropical and subtropical regions. These temperatures are also 
essential for the growth and reproduction of the endosymbionts. 
Foraminifera possess different feeding strategies. They are microherbivores, micro-
carnivores, omnivores, detrivores or suspension feeders (Lipps, 1983). In the oligotrophic 
environments of the subtropical and tropical regions, these feeding strategies are not 
necessarily required in larger symbiont-bearing foraminifera. Housing endosymbionts 
provides a selective advantage in these settings because the hosts are able to obtain 
nourishment in different degrees from their symbionts. Extreme examples are some 
Nummulitidae and Calcarinidae, which were not observed to feed anything but their 
endosymbionts (Hallock, 1999 and literature therein). 
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Larger foraminifera are exclusively benthic and are either epiphytes or move on or in the 
sediments. The different modes of life are reflected in their test forms and apertures. 
Epiphytes are characterized by a discoidal test with marginal apertures or by various test 
shapes with elongated or flattened apertural faces. Foraminifera living on or in the bottom 
have diverse test shapes and many of them have a canal system (Hottinger, 1984 in Caus, 
1988). 
Active distribution of benthic foraminifera is only made possible by the movement of the 
reticulopodia, with which the protists attach to the substrate and pull the test forward 
(Hottinger, 1982; Travis and Bowser, 1991). This is a very slow process with rates up to a few 
millimeters per hour for shallow water species (Alve, 1999 and literature therein). 
Several forms of passive distribution are discussed in detail in Lessard (1980). In their larval 
stage foraminifera easily drift in sea surface currents. In a later ontogenetic stage distribution 
can occur through sedimentological processes via disrooted plants or spreading by other 
animals. These possibilities, which might have influenced the global distribution of larger 
foraminifera, will be discussed in detail in chapter 5 “Distribution of larger foraminifera”. 
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4 Late Cretaceous Paleoenvironmental Setting 
This chapter will provide an overview of the Late Cretaceous situation concerning 
paleogeography, paleoceanography, paleoclimatology, and paleoecology. The knowledge of 
these parameters, which are strongly interwoven and related to each other, is indispensable for 
the analysis of global distribution patterns of any organisms, terrestric or marine. 
Paleogeography concerns the position of the continents respective to each other in a certain 
time slice. The different arrangement of landmasses has a great influence on 
paleoceanography. The varying extension of the seaways results in differences in the pattern 
of the paleocurrents. Poulsen et al. (1998) demonstrated in several experiments with different 
paleogeographic patterns, that paleogeographic evolution is an important mechanism of 
climatic and environmental change. Finally, all these components – paleogeography, 
paleoceanography and paleoclimatology – are the main factors that control the paleoecology 
of the organisms, which inhabit these environments. 
 
4.1 Paleogeography 
At the end of the Cretaceous the global paleogeographic situation was distinctly different 
compared to the modern one (Figure 4.1). The map clearly shows that in the Late Cretaceous 
much more shelf areas existed and that the continents were situated much closer together than 
they are today. 
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Figure 4.1: Paleogeographic situation in the Maastrichtian (after Ziegler et al. 1997) 
 
The Late Cretaceous constellation of the continents is the result of the breakup of the 
supercontinents Laurasia in the north and Gondwana in the south during the Jurassic. Between 
those landmasses a continuous equatorial seaway existed, the Tethyan Ocean. In the Early 
Cretaceous the southern Atlantic Ocean opened, which still formed a narrow sea in the Late 
Cretaceous. South America drifted to the west, while Africa and India rotated anticlockwise in 
a northern direction. In the Tertiary, India collided with Eurasia, resulting in the Himalayan 
orogeny. The former northern landmass Laurasia split up and the western North America and 
the eastern Eurasia drifted away from each other.  
In the Late Cretaceous North and South America were still divided by a broad seaway and the 
Caribbean Islands had not yet been formed. Australia was still very close to Antarctica, and 
formed a landmass together with Papua New Guinea. The Asian region including the 
Philippines, Malaysia and China was an undifferentiated large complex. The variety of the 
islands in the modern Pacific Ocean did not yet exist. The north of Africa was flooded by the 
Mediterranean Tethys, as was the southern part of Europe and the western part of Asia, which 
resulted in the broad Tethyan seaway. 
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4.2 Paleoceanography 
This section deals with the paleoceanographic situation in the Late Cretaceous and focuses on 
the sea level, the flow of the paleocurrents and the environmental situation in selected oceanic 
regions.  
Of particular importance is the elevated global sea level, which rose throughout the Mesozoic 
and reached a maximum in the early Late Cretaceous (Skelton, 2003). It was about 200 m 
higher than today (Haq et al., 1987; Skelton, 2003). On one hand this was affected by the 
climate optimum, which resulted in ice-free polar caps, and on the other hand it was caused 
by the growth of new mid-ocean ridge systems and of an increased production of oceanic 
crust in the Cretaceous. This produced large areas of uplifted ocean floor, which displaced 
water from the ocean basins (Briggs, 1995; Skelton, 2003). Among other methods benthic 
foraminifera might be used as indicators for the reconstruction of paleo sea level (Armynot du 
Châtelet et al., 2005). 
The result of the raised sea level can be seen in the modified distribution of land and sea 
compared to today (see Figure 4.1). Very striking is the huge shelf area in Eurasia and 
northern Africa. Apart from the western Iberian Peninsular, northeast Europe and some 
medium-sized islands, the entire European continent was situated below sea level. In addition, 
the Iberian Peninsular as well as the southern European countries (Italy, Balkans) was isolated 
by deep ocean straits. The latter were situated as patches between the Eurasian and the 
African shelf region. Another huge shelf region dominated the western part of Asia. A 
shallow water region characterized the North of Africa from Algeria to Egypt, as well as the 
whole Arabian Peninsular. North America was crossed by the Western Interior Seaway, 
which spanned from the Gulf of Mexico to the Arctic Ocean. Florida and eastern Mexico 
were below sea level as well as many parts of southern South America. The Caribbean region 
was still a broad seaway with two narrow north-south running bars on which small islands 
developed. In the north of the Indian subcontinent, which was on the same latitude as South 
Africa, a huge shelf region was located. 
Due to the situation in the Tethys between Europe and Africa and the seaway in the Caribbean 
area, a broad circumglobal connection of the oceans occurred, which inevitably must have 
influenced the global current system. 
The Cretaceous current system often is a topic of detailed researches (Barron and Peterson, 
1989; Bush, 1997; Bush and Philander, 1997; Vermeij, 1997; Poulsen et al., 1998; Hay et al., 
1999; Pearson et al., 2001; Cousin-Rittemard et al., 2002) in which authors use certain ocean 
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models (Parallel Ocean Climate Model: Poulsen et al., 1998; Atmospheric General 
Circulation Model: Bush, 1997). A comparison of all these hypotheses is difficult because the 
authors mostly used different time slices (Mid-Cretaceous: Barron and Peterson, 1989; 
Poulsen et al., 1998; Campanian: Hay et al., 1999; Cousin-Rittemard et al., 2002; 
Maastrichtian: Bush, 1997) with different paleogeographies. Further, the specific models were 
based on different resolutions (5° x 5°: Barron and Peterson, 1989; 3.6° x 2.0°: Bush, 1997; 
2°x 2°: Poulsen et al., 1998; Cousin-Rittemard et al., 2002) and vertical layers (4: Barron and 
Peterson, 1989; 15: Bush, 1997; 20: Poulsen et al., 1998). 
The common feature of all these publications is a westward current flow with varying 
strength. It seems that the mid-Cretaceous current flow was relatively weak (Barron and 
Peterson, 1989; Poulsen et al., 1998), but intensified towards the Late Cretaceous. A 
fundamental determinant for the current strength in the Tethys was the paleogeography of 
Eurasia (Cousin-Rittemard et al., 2002). The first analysis of the Tethys current was 
connected with a simple coarse paleogeography (see Gordon, 1973 in Barron and Peterson, 
1989), where the Tethys was a broad even element. This resulted in a very weak Tethyan 
current. With increasing resolution (2° x 2°) the paleogeographic illustration advanced, and 
also identified the narrower currents and the gyres, which occur in the Mediterranean Sea, 
which complicate the current system. Also, Poulsen et al. (1998) showed in several 
experiments with different paleogeographic patterns that paleogeographic evolution is an 
important mechanism of climatic and environmental change. 
For this work the sea surface currents are of utmost importance, as they affect the distribution 
of larger foraminifera, either by the dispersion in their larval stage or attached to disrooted 
seaweeds. 
 The process of distribution itself was briefly discussed in chapter 3 “Foraminifera”, and will 
be discussed in detail in chapter 5 “Distribution of larger foraminifera”.  
Several methods can be used to reconstruct the Late Cretaceous ocean surface currents. One is 
based on the analogy between modern sea surface currents and geography to the Late 
Cretaceous ones. Another method is the reconstruction by the distribution patterns of marine 
organisms. 
Sea surface currents are influenced by several features such as solar heating, earth rotation, 
wind systems and the position of the continents (Veron, 1995). Due to the Coriolis force the 
currents on the northern hemisphere are deflected to the north, and on the southern 
hemisphere to the south. This results in large gyres in the different oceans on each 
Late Cretaceous Paleoenvironmental Setting - Paleoceanography 
 14
hemisphere, which creates a complex current system (Figure 4.2). Here the situation of the 
continental landmasses is of great importance as it affects the current patterns. 
 
Figure 4.2: Sea surface currents in the modern oceans (after Ott, 1996) 
 
The reconstruction of Late Cretaceous surface currents is based on the assumption that the 
earth rotation and the great wind systems remain relatively constant throughout history. One 
main controlling factor of the current system is the paleogeographic situation (Skelton, 2003). 
Based on these premises and the modern current system, potential current patterns for the 
Cretaceous can be erected (Figure 4.3). 
The Late Cretaceous was characterized by a westward circumtropical current pattern. The 
equatorial current flowed through the Pacific Ocean and the Indian Ocean in-between India 
and Asia in a northwestern direction into the Tethys. Afterwards it circulated between Spain 
and Africa into the Atlantic Ocean, and by passing the broad seaway between North and 
South America back into the Pacific Ocean. It is quite possible that gyres were present north 
and south of the equator, which had different qualities depending on the various sizes of the 
oceans. In the Tethyan region between Europe and Africa there certainly existed a complex 
current pattern, as a result of the variety of smaller landmasses.   
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Figure 4.3: Hypothetical current patterns of the Late Cretaceous 
 
The second method of reconstructing the Late Cretaceous current pattern is based on the 
distribution of marine organisms. In this case the stratigraphic distribution of certain marine 
taxa is analyzed. Benthic organisms with planktonic larvae (corals, benthic foraminifera) are 
preferred, as their distribution mainly occurs in a passive way. Either in their juvenile stage 
via currents or as adults by other mechanisms, for example by disrooted plants. But it has to 
be kept in mind, that they can also be transported by other organisms like fishes, to which 
they attach and detach in new environments (see also Lessard, 1980 and literature therein; 
Murray, 1991, 2006). Their stratigraphic occurrence in different locations can help to 
reconstruct the ancient current systems. 
One part of this work will be to find out if, and to what degree, the biogeographic data of the 
analyzed larger foraminifera correlate with these models, and if both models agree with each 
other. 
The historical development of some regions which are essential for the distribution of the 
larger foraminifera is still in discussion and therefore require some explanations. 
One of these regions is the Caribbean region. Today, the Caribbean Plate is separated in the 
North from the North American Plate by transform faults, which cross the Greater Antilles. In 
the West the Cocos Plate is subducted while in the East the North American and the South 
American Plate are subducted. To the South the Caribbean Plate is separated from the South 
American Plate by complex zones of deformation (Skelton, 2003). Several models for the 
development of the Caribbean Plate exists, some of which (Pindell, 1994; Kerr et al., 1999) 
Late Cretaceous Paleoenvironmental Setting - Paleoceanography 
 16
are introduced in Skelton (2003), but most of the authors favor an origination of the plate in 
the Pacific Ocean in the Cretaceous with an eastward movement between the Americas 
(Skelton, 2003). Great affinities between the foraminiferal content of the Caribbean and the 
central Pacific led to the conclusion that those locations were in a close connection during the 
Cretaceous. Several authors (Schlanger and Premoli Silva, 1981; Premoli Silva and Brusa, 
1981 and literature therein) support the theory that these locations were situated much closer 
together in the Late Cretaceous than they are today and that shallow-water “stepping stones” 
facilitated the distribution of the foraminifera. 
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4.3 Paleoclimatology 
For this work, the paleoclimate is of utmost importance as it regulates the temperature of the 
shallow water areas to which the larger foraminifera are restricted. As discussed in chapter 3 
“Foraminifera” these organisms are restricted to the subtropical and tropical regions. The 
climate depends on many factors, which affect each other, such as the continental 
configuration, sea level, orography, ocean gateways, bathymetry, etc. (Crowley, 1998). The 
average global annual surface temperature in the Late Cretaceous was around 14.8-16.2° C, 
with a CO2 content of 340 ppm [= present atmospheric level (PAL)], and around 18.4-20.4° C 
with an elevated CO2 level of 2-3.5x PAL (Fawcett and Barron, 1998). 
In this chapter I will concentrate on the sea surface temperature (SST) of the shallow shelf 
regions, as these are the habitats of the larger foraminifera. In the Late Cretaceous tropical sea 
surface temperatures were estimated to be about 30° C (Pearson et al., 2001; Skelton, 2003). 
A simulation of the surface water temperature of Hay and DeConto (1999) revealed 32-34° C 
in the Campanian equatorial areas (0-15° N and S) and about 8-16° C in polar regions (66.5-
90° N and S), while analyses of δ18 O values of rudist bivalves indicate seasonal extremes up 
to 37° C in the upper Turonian-Coniacian and lower Campanian (Steuber et al., 2005). Haupt 
and Seidov (2001) described two different climatic scenarios of the Late Cretaceous, which 
are based on publications of Poulsen et al. (1998) and Poulsen (1999). The first intermediate 
Cretaceous scenario places sea surface temperatures in the northern subpolar ocean at 6° C 
and in the southern subpolar ocean at 12° C, while the equatorial SST was approximately 28° 
C (Poulsen, 1999). The second warm Cretaceous scenario is characterized by temperatures of 
20° C in both subpolar regions, whereas the equatorial SST was about 31° C (Poulsen, 1999). 
Both scenarios are possible in view of the minimal temperature requirements of larger 
foraminifera. 
A new method, called TEX86 (analyses of the composition of lipids in the membranes of 
Crenarchaeota) revealed an icecap-free Arctic sea in the Late Cretaceous (70 Ma) with an 
average SST of 15° C. This implies an equator to pole gradient SST of about 15° C, which 
results in equatorial (~ 5-10° S) sea surface temperatures of 27-32° C. An explanation for the 
warm Cretaceous is a high concentration of atmospheric carbon dioxide resulting from high 
rates of volcanic outgassing (Jenkyns et al., 2004; Poulsen, 2004). 
Suitable indicators for a warm marine climate are the huge and numerous carbonate 
platforms, which existed in the tropical and subtropical regions of the Late Cretaceous (Figure 
4.4). In the Late Cretaceous carbonate platforms extended beyond the 30° latitudes, whereas 
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modern carbonate platforms are restricted to a much narrower latitudinal belt. The distribution 
seldom passes the 30° latitudes (Simo et al., 1993). 
 
 
Figure 4.4: Cretaceous Carbonate platforms (Simo et al., 1993) 
 
Since pronounced carbonate precipitation is governed by water temperature the position of the 
carbonate platforms (Figure 4.4) can provide clues to the occurrence of the larger 
foraminifera. In the Late Cretaceous Carbonate Platforms are known from the shelf regions 
along the North African coastline from Somalia to Mauritania and in the shallow water areas 
in the European Tethys between Portugal and South Russia. Further Carbonate Platforms 
existed in the Caribbean area and along the east and west coast of South America to Brazil 
and Peru. In Asia, carbonates are recorded from the tip of the continent, as well as some 
patches in the southern Pacific Ocean (Simo et al., 1993; Skelton, 2003). 
Based on the Late Cretaceous Paleogeography (Figure 4.1), the hypothetical sea surface 
currents (Figure 4.3) and the distribution of the Carbonate Platforms (Figure 4.4), 
assumptions about the distribution of Late Cretaceous larger foraminifera can be made (see 
also Skelton, 2003).  
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4.4 Paleoecology 
This chapter deals with the paleoecology of the analyzed larger symbiont-bearing 
foraminifera. As this work focuses on fossil genera from the Late Cretaceous only hypothesis 
about the behavior and the habitat can be made. No direct investigation is possible, but often 
an indirect interpretation can be made by the analysis of the morphology, the surrounding 
lithology, comparison to modern relatives, or a combination of these features. 
The first possibility is a comparison with extant members of the same family, e.g. Siderolites 
as a member of the extant family Calcarinidae Schwager. The modern genera Baculogypsina 
and Calcarina live attached to hard substrates, in high energetic environments (Hallock et al., 
1991; Hohenegger, 1996; Hohenegger and Yordanova, 2001). Their fossil relatives 
Siderolites have probably lived in the same habitat, which is suggested by their similar 
morphology (Hohenegger, 1999). The lithology, in which the fossil is embedded, can give 
hints to the consistency of the sediment and the paleoenvironmental situation of the ancient 
organisms. A sandy lithology, for example, refers to a nearshore, eventually unprotected 
habitat, often with terrestrial influence. Interpretation of the morphology constitutes one of the 
most reliable ways to draw conclusions about paleoecology. Both, the modern calcarinids and 
the fossil Siderolites have large spines, which are a tool for attachment in areas of high 
energy. 
Analysis on a generic level creates some difficulties for paleoecological interpretation, as the 
environmental constrains and requirements may differ on species level. This can be 
demonstrated in the fossil genus Lacazina. Lacazina compressa shows a short thick 
morphology and lived at depths to around 40 m, where it seemed to prefer an environment of 
high water energy and hard substrate (Hottinger, 1983). However, the smaller elongated form 
L. elongata is interpreted to have lived in depths from 40 to 80 m in regions of low water 
energy on soft substrate (Hottinger, 1983). Due to these difficulties, this work will focus on 
general statements, which require further analyses on species level. 
The paleoenvironment of larger symbiont-bearing foraminifera has been the subject of several 
studies (e.g. Hottinger, 1983; Caus, 1988; Hallock, 1999; Hohenegger, 1999), which have 
attempted to understand the biology of these organisms. 
Caus (1988) provided a milieu interpretation for Late Cretaceous larger foraminifera of the 
Pyrenean neritic platform. Four basic assemblages of larger foraminifera were distinguished: 
1) restricted shelf with abnormal salinity (lagoons and intertidal zones), Laffitteina in lagoonal 
facies types; 2) protected shelf with normal salinity (carbonate and terrigenous facies): two 
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different assemblages on the protected carbonate shelf; 2a) a shallower one, 0-40 m; discoidal 
agglutinated larger foraminifera, porcelaneous foraminifera (predominance of complex 
Miliolidae and thickwalled, evolute Meandropsinidae), rotaliids; Lacazina compressa; 2b) 
increasing depth, 40-60 m; conical forms; Dictyopsella, Lacazina elongata; 3) reefs, shoals 
and bars; larger foraminifera are adapted to high energy; Siderolitinae, thick orbitoids; 4) 
open marine shelf; perforate larger foraminifera; Lepidorbitoides, Clypeorbis, Sirtina, 
Siderolitinae. The interpretation of these environments and the assignment of larger 
foraminifera might be transferred to similar regions and may be used to understand the 
paleoenvironment and the foraminiferal content. 
Hottinger (1983) analyzed the test morphology of larger foraminifera in relation to the depth 
of the habitat and postulated the following succession with increasing depth: conical-
agglutinated => discoidal porcelaneous => fusiform porcelaneous => thickly lenticular-
perforate => flat lenticular- or discoidal-perforate types. 
Further, there are some morphological features of larger foraminifera that indicate certain 
habitats. Some of those are listed below concerning the analyzed larger foraminifera. 
- Rotaliids: on the bottom sediment (Reiss and Hottinger, 1984) 
- Alveolinids: high energy zones of the shallow ramp (Hohenegger, 1999): Subalveolina 
- discoidal agglutinated: epiphytic (Reiss and Hottinger, 1984): Clypeorbis 
- lateral chamberlets only on one side of the shell: chamberlets are located on the 
illuminated dorsal side, opposite to the apertural face always directed towards the 
substrate (Hottinger, 1997): Sirtina 
- annular growth and orbitoidal test construction: deeper environments (Hohenegger, 
1999): Orbitoides, Hellenocyclina, Lepidorbitoides 
- ‘calcarinid’ Siderolites possibly lived attached to hard (organic?) substrates analogous 
to its recent relatives (Hohenegger, 1999) 
- thick tests or porcelaneous structures, making the walls impenetrable, block high 
irradiation: intertidal and extremely shallow subtidal environments (Hohenegger, 
1999) 
- thin transparent test walls facilitating light penetration (Hohenegger, 1999) 
- light-collecting mechanisms (e.g. nodes, pillars) facilitate light penetration: near the 
base of the photic zone (Hohenegger, 1999) 
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5 Distribution of Larger Foraminifera 
The distribution of the benthic larger foraminifera depends mainly on warm water ocean 
currents. As mentioned in chapter 3 “Foraminifera”, the only active movement of adult 
foraminifera is by the use of pseudopodia, which is not very effective. In the juvenile stage 
foraminifera might be transported by ocean currents, but this stage is of such a brief duration 
that it can be disregarded as a major dispersal factor (Adams, 1967). The most probable 
method of distribution is rafting of individuals, or of small colonies, on seaweed to which 
they are attached or hidden in rhizomes. This kind of distribution is important to those benthic 
larger foraminifera which have lived attached to leaves or roots and which have shared the 
same environment as seagrass. The belonging to a general habitat is difficult, because the 
tolerance of desiccation, turbidity, current agitation, sediment thickness, grain size, humic 
content, light intensity and periodicity and temperature are species-dependant (Brasier, 1975 
and literature therein). Most seagrass is found below mean low water and above 12 m depth, 
and some forms are tolerant to hypersaline conditions (Brasier, 1975 and literature therein). 
The first reported seagrass-like fossils are protozosteroids and cymodoceoids from the Late 
Cretaceous of Japan and northern Europe (Figure 5.1; den Hartog, 1970; Eva, 1980). 
 
 
Figure 5.1: Occurrence of Late Cretaceous seaweed; (c) fossil cymodoceoids, (z) protozosteroids, black circles: 
records of possible seagrass-dwelling foraminiferids, stipples: inferred distribution of “tropical” seagrass (after 
Brasier, 1975) 
 
The distribution of Cretaceous seaweed is debatable. While Brasier (1975) supports the theory 
that the Cretaceous distribution is confined to the Tethyan area, Eva (1980) concluded from 
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the similar morphology of the foraminiferal genera Chubbina and Pseudedomia, that the 
Caribbean Chubbina indicates also the presence of seagrass in the Caribbean area. This would 
explain the distribution of global occurrences of foraminifera, but for a definitive statement 
more Cretaceous fossils of seaweed are necessary. 
Another important factor for the distribution of larger foraminifera is the temperature in the 
prevailing sea surface currents. Due to the requirements of their endosymbionts foraminifera 
are restricted to warm water. Langer and Hottinger (2000) discovered that recent larger 
foraminifera require temperatures above 14° C (Figure 5.2). 
 
 
Figure 5.2: Temperature ranges of selected recent larger foraminifera (after Langer and Hottinger, 2000) 
 
Adams (1967) argued that even the modern sea surface currents are warm enough to permit 
the transport of larger foraminifera. As discussed in chapter 4.3 “Paleoclimatology”, in the 
Late Cretaceous the global temperature reached a maximum (Skelton, 2003), which implies 
that the sea surface temperature was also higher. This must have been sufficiently warm 
enough for larger foraminifera to survive a passage across the oceans. In the new environment 
they certainly must have found a suitable habitat to settle and to reproduce. 
Finally, the existence of suitable sea surface currents is necessary for the distribution of larger 
foraminifera. In chapter 4.2 “Paleoceanography” the different models of currents were 
presented. The hypothetical sea surface currents of the Late Cretaceous (Figure 4.3), which 
were established on these models, clearly show that a worldwide distribution via sea surface 
currents was possible. 
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6 Faunal Provinces 
Adams (1967, p. 198) gave the following definition of a Faunal Province: “…each of which is 
characterized by the presence of genera and species of marine invertebrates not found in the 
others, although all possess some elements in common.” 
The faunal provinces of larger foraminifera have been only sparsely examined. The global 
distribution patterns of selected recent larger foraminifera were analyzed by Langer and 
Hottinger (2000) while Adams (1967, 1983, 1989) studied patterns from the Tertiary. All 
authors established Faunal Provinces for larger foraminifera relevant to the time span, which 
they covered. 
 
Modern Faunal Provinces 
Langer and Hottinger (2000) erected four Faunal Provinces for modern larger symbiont-
bearing foraminifera: 1) Inner, Central Pacific province, 2) Central Indopacific realm, 3) 
Western Indian Ocean including the Red Sea and the Persian Gulf, and 4) Caribbean realm 
(Figure 6.1). 
 
 
Figure 6.1: Faunal Provinces of modern larger symbiont-bearing foraminifera (modified after Langer and 
Hottinger, 2000, and http://www.scotese.com/modern.htm) 
 
These faunal provinces are situated in a belt, which ranges between 36° North and 34° South. 
They are divided by barriers, which consist on the one hand of the longitudinal extension of 
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the continents America and Africa, on the other hand by oceanic circumstances. These include 
the great distances of the oceans as well as the prevailing current patterns. Gyral systems exist 
in the northern and in the southern hemisphere, which are separated from each other by the 
landmasses and by the equatorial currents. These systems form cells, with the interior cut off 
from the exterior inflow (Langer and Hottinger, 2000). 
Lessard (1980) analyzed the Pacific Ocean concerning its migration potential for 
microorganisms and established four sectors (Figure 6.2). 
 
 
Figure 6.2: Subdivision of the Pacific Ocean in four sectors (after Lessard, 1980) 
 
Sector I and II are separated from sector III and IV by the Equatorial Current. A migration 
between sectors I and II is prevented by the gyre in the northern Pacific Ocean, which is 
formed by the Northern Equatorial Current and the Northern Pacific Current. Sectors III and 
IV on the southern hemisphere are separated by a gyre, which results from the Southern 
Equatorial Current and the Antarctic Circumpolar Current. Sectors I and IV are characterized 
by few islands which are widely distributed, while in sectors II and III many islands are 
situated closely together. The situation in sector II and III results in a complex current pattern 
which facilitates a fast and wide distribution in the Indopacific region, which can be verified 
by the distribution of recent larger foraminifera. 
 
Tertiary Faunal Provinces 
In the Tertiary the global belt in which larger foraminifera occurred was much broader than 
today. It extended between 50° North to 50° South (Adams, 1967). This might be linked with 
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the climate, which was much warmer than today (Skelton, 2003). Adams (1967, 1983) 
established three Faunal Provinces for larger foraminifera from the Tertiary (Figure 6.3): 1) 
Central America, 2) Tethys, and 3) Indo-West Pacific. These Faunal Provinces cannot be 
strictly separated from each other. Elements of the Central American Province can also be 
found in Western Africa where they are merged with elements of the Mediterranean Province. 
The same situation exists in the region of the Near East, where the Mediterranean and the 
Indo-West Pacific Province mingle. Further, Adams (1967) mentions that the Mediterranean 
can be further divided into two parts: 1) the modern Mediterranean in the West and 2) an 
eastern region, which comprises the area east of Iran and Iraq. The center of dispersal in the 
Paleogene seems to be in the western Tethys were no endemic genera existed (Adams, 1967). 
 
 
Figure 6.3: Faunal Provinces of larger foraminifera during much of the Tertiary (after Adams, 1983) 
 
Although there existed great barriers between the Faunal Provinces, in the form of oceans, 
some genera are represented in all three provinces, and some genera are restricted to one 
province (Adams, 1967). This distribution was probably made possible by the rafting of 
seaweed, to which foraminifera were attached, and which was torn off by storms (Adams, 
1967). Crossing the Atlantic Ocean by means of the Gulf Stream would appear to be much 
easier through this mechanism in comparison to crossing the eastern Pacific Ocean, where the 
lack of islands prevented the distribution.  
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Cretaceous Faunal Provinces 
No global faunal provinces are established yet for the Cretaceous. Only Hottinger et al.  
(1989) recognized a Pyrenean Faunal Province during the Santonian and Campanian. It ranges 
between the Cantabrian shelf, the Gulf of Marseille and the shelf bordering the Betic 
Cordilleras. This area is defined by the occurrence of strictly endemic, shallow-water genera 
of larger complex foraminifera. In the recent literature often only local associations of larger 
foraminifera were analyzed (e.g. Seiglie and Ayala-Castanares, 1963; Ismail and Boukhary, 
2001; Abdelghany, 2003) and few authors examined the distribution of a certain genus 
beyond a regional distribution (e.g. Pfender, 1935; Meric, 1967; Neumann, 1997). 
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7 Diversity Pattern 
Before discussing methods and patterns of diversity, this term should be defined. The term 
“biodiversity”, composed of “biological diversity” was created by W.G. Rosen in 1986 in 
context with the conference “National Forum of Biodiversity” by the National Academy of 
Sciences in Washington D.C. The United Nations Convention on Biological Diversity defines 
"biodiversity" as "the variability among living organisms from all sources, including, inter 
alia, terrestrial, marine, and other aquatic ecosystems, and the ecological complexes of which 
they are part; this includes diversity within species, between species and of ecosystems". 
Studies of diversity have been the focus of research for both, terrestrial habitats as well as in 
marine biomes. It is controlled by a number of factors, which needs to be kept in mind when 
analyzing diversity pattern. Temperature, for example, increases towards the equator, and the 
ratio of land to sea is larger in the northern hemisphere than in the southern hemisphere. 
Further attributes are the available space, solar irradiation, wind, and current systems. 
One method for expressing diversity is the relationship of diversity to the latitudinal gradient. 
Rosenzweig (1995) analyzed the percentage of known fossil foraminiferal species against 
latitude (Figure 7.1). It is remarkable that the highest values occur in the low-latitude regions. 
In this illustration, however, the number of occurring but unknown species is not given. 
 
 
Figure 7. 1: Distribution of fossil foraminiferal species in relation to the latitude (Rosenzweig, 1995) 
 
A subject of particular interest is the location of the “hotspot” of diversity. This hotspot is 
characterized as the location with the highest diversity of all examined organisms. For many 
marine organisms, living in shallow water of the subtropics and tropics, the modern hotspot of 
diversity is situated in the Indopacific region (Briggs, 1995). 
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This is also observable in the diversity of recent larger foraminifera (Figure 7.2), which were 
analyzed by Langer and Hottinger (2000). It is clearly visible that the maximal diversity (27 
genera) lies in the area of the Indopacific Islands. The diversity decreases to the margins, and 
the decline is stronger to the East than to the West. In the Caribbean the diversity is also 
elevated (9 genera) but it is still three times lower than that in the Indopacific.  
 
 
Figure 7.2: Generic diversity of Recent larger foraminifera (after Langer and Hottinger, 2000) 
 
In the background of the map, the sea surface temperature of the oceans in August is 
displayed, with the highest temperatures in the Indopacific Ocean, in the Caribbean and 
around the Arabian Peninsular. It is easy to recognize that the diversity follows the 
temperature gradient.  
The marine diversity pattern of tropical and subtropical larger foraminifera is congruent with 
the known pattern of other tropical organisms, as for example mangroves (Figure 7.3) and 
hermatypic corals (Figure 7.4). 
 
 
Figure 7.3: Global biodiversity of mangrove taxa on species level (Langer, unpublished after data from Rosen, 
1988) 
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These groups of organisms were chosen because they prevail in similar ecological conditions 
as larger symbiont-bearing foraminifera. Mangroves are also restricted to the coastal shallow 
regions of the tropics and subtropics. The center of diversity is clearly observable in the 
western part of the Indopacific region with values of 35 and 38 species. The diversity 
decreases towards the margins of the shelf region. In the Indian Ocean the diversity is still 
high due to the presence of shelf regions along the coasts of India, the Arabian Peninsular and 
Africa. The Pacific Ocean does not show such a high diversity, which is due to the fact that 
the shelf regions are distinctly smaller. In the Caribbean region, the shelf region has a 
moderate diversity but this is seven times lower than in the Indopacific region. 
 
Figure 7.4: Global biodiversity of hermatypic corals on generic level (Langer, unpublished after data from 
Veron, 1995) 
 
The other group of organisms under consideration is hermatypic corals. Like larger 
foraminifera they also possess endosymbionts and therefore are restricted to the shallow-
marine euphotic zones of the tropical and subtropical shelf regions. The observations of corals 
are based on generic level. Here again the center of diversity is located in the Indopacific 
region with values of up to 70 genera. The global pattern of biodiversity is analogous to that 
of mangroves and larger foraminifera. The diversity decreases toward the Pacific and Indian 
Oceans, with the latter showing a higher diversity than the former. In the Caribbean Ocean, 
the diversity is again seven times smaller than in the hotspot of diversity. 
In the previous analyses of mangroves and hermatypic corals it is important to recognize that 
the diversity of mangroves is based on species level while that of hermatypic corals is based 
on generic level. But it is clearly visible that the schemes of diversity are identical on both 
levels. 
In all organisms analyzed (larger foraminifera, mangroves and hermatypic corals) the center 
of diversity is situated in the Indopacific core region (= hotspot). These comparable patterns 
of diversity lead to the conclusion that common controlling features are responsible for this 
situation. 
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If we compare the occurring diversity pattern with prevailing environmental features, the 
following facts are clear: 
1) The center of diversity of all the analyzed organisms (larger foraminifera, mangroves, and 
hermatypic corals) is situated in the Indopacific region. In those specific areas the highest 
percentage of reefs occur (Figure 7.5). The Asiatic region comprises 29.4 % of the world 
reefs, followed by the Indian Ocean (23.6 %) and the South Pacific (12.4 %). The Caribbean 
region contains 9.2 % of the world reefs, which is three times lower than in the Asiatic region. 
This is consistent with the diversity values of larger foraminifera and hermatypic corals, 
which are also three times lower. For mangroves the Caribbean value is seven times lower 
than in the Asiatic region. Thus it is highly likely that availability of shallow water areas 
influences diversity. 
 
 
Figure 7.5: Percentage of the world reef region (after Langer, unpublished) 
 
2) In the Indopacific region, the annual sea surface temperature is high throughout the year 
(Figure 7.6). The water temperature in the hotspot of diversity is characterized by a consistent 
value of 28° C. This is due to shallow water regions with strong solar irradiation, which heats 
the water body. This raised temperature strongly influences the diversity. As already 
mentioned above, diversity reflects a high specification rate. Specification is a result of 
genetic mutations, which are biochemical reactions, and therefore directly affected by the 
temperature. 
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Figure 7.6: Sea surface temperatures of the world oceans in a) February and in b) August (after Langer, unpubl.) 
 
3) In the Late Cretaceous the paleoceanography was dominated by a circumtropical seaway, 
part of which was the Tethys. After the closure of the seaways between South and North 
America and Eurasia and Africa this current system strongly changed. The Indopacific region 
is, so to speak, a relict area of the Tethys (Briggs, 1995). The influence of the 
paleogeographical changes was much weaker in the Indopacific Ocean, than for example in 
the Mediterranean Ocean, which became an enclosed basin with a decrease in temperature 
(Briggs, 1995). The main feature in the Indopacific Ocean, however, is a shallowing of the sea 
with an establishment of a huge region of shelf areas. This resulted in an establishment of 
many new habitats, where a lot of new species could occur. Therefore, it harbors old and new 
taxa together, which results in a higher diversity. 
a)  b)  
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8 Results: Biogeographic Distribution of the Genera 
This section deals with the biogeographical distribution of selected genera of symbiont-
bearing larger foraminifera. For each genus several aspects such as description, illustration, 
species, age, biology, biogeographic distribution, and remarks are given. As was described in 
chapter 3 “Foraminifera” Loeblich and Tappan (1992) raised the rank of Foraminifera from 
order to class. Despite this fact, for reasons of clarity the suprageneric classification of this 
chapter will follow Loeblich and Tappan (1988). The description of the genera presents the 
diagnostic features, which were used for identification of the specimens. The dimension of the 
tests is usually species-specific, but to give a general impression of the size, the minimal and 
maximal values – if given - are provided. In the illustrations several different views are given. 
They were mainly taken from the literature. Generally two external views from different sides 
are given as well as illustrations of an equatorial and an axial section. In several cases the 
diagnostic features got more distinct by three-dimensional drawings. Although this perusal is 
on generic level the species of a genus are listed beneath the type specimen and synonyms in 
order to be able to verify the results of the biogeographic distribution on species level. 
References marked with “+” could not be completed by several reasons (e.g. literature not 
available etc.). The next section deals with the occurrence of the genus in different time slices 
(Pre-Santonian, Santonian, Campanian, Maastrichtian, Paleogene). In this section data are 
interpreted to provide a potential chronological distribution. Further, the biology of the genus 
is discussed. This discussion considers the following issues: The requirements can be 
strikingly different among species of a genus, so that it is sometimes not possible to give a 
general biological interpretation. The genera under consideration are all extinct, therefore a 
direct observation of the habitat is not possible. However, the analysis of environmental 
milieu or the associated fauna can give hints to the habitat. Moreover, the morphology of the 
foraminifera can give useful hints when it is compared with the appearance of modern 
relatives. In the chapter “biogeographic distribution” the locations and citations in the 
literature are listed. Underlined citations refer to references, which contain illustrations of the 
genus. Senonian and undifferentiated Late Cretaceous records are marked with “*”. In the 
“Remarks” section a short discussion is given about the literature in which the genus is not 
illustrated or in which the treated genus is illustrated but where I do not agree with the 
classification. Finally additional important and interesting facts are given. 
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8.1 Spirocyclina 
Suborder TEXTULARIINA Delage and Hérouard, 1896 
Superfamily LOFTUSIACEA Brady, 1884 
Family SPIROCYCLINIDAE Munier-Chalmas, 1887 
Genus SPIROCYCLINA Munier-Chalmas, 1887 emend. Maync, 1959 
8.1.1 Description 
Munier-Chalmas erected the genus Spirocyclina in the year 1887. The lectotype is from Les 
Martigues, Etang de Berre with a Santonian age. The test of Spirocyclina is flat, with 
planispirally enrolled chambers that become peneropline in the adult stage. The diameter 
ranges between 1.82 mm and 10 mm. The thickness in the center varies between 0.25 mm and 
0.45 mm. The chambers are narrow and strongly curved. They are subdivided by numerous 
chamberlets. The last rows of chambers can be detached from the preceding whorl. The wall 
is agglutinated. 
 
 
a) 
 
 
b) 
 
c) 
 
d) 
Figure 8.1: a) - d) S. choffati Munier-Chalmas emend. Maync; a) - d) Maync, 1959 
8.1.2 Species 
Type species: Spirocyclina choffati Munier-Chalmas, 1887+ 
Synonyms: Spirocyclina Munier-Chalmas, 1887+ 
Species: S. choffati Munier-Chalmas, 1887 emend. Maync, 1959; p. 38; pl. 1, figs. 1-10 
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8.1.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
FRA (31) X X    
POR (39) X     
RUS (42) X     
Figure 8.2: Stratigraphic range of the genus Spirocyclina in its reported localities 
 
In the Early Cretaceous Spirocyclina is documented from sites in Portugal, France, and Russia 
(not illustrated). In the period under consideration it is only known from Les Martigues (31; 
France) where it occurs till the Santonian. Maync (1959) reported the genus from the 
Senonian, without giving a precise biostratigraphic age like Marie (unpubl. data) who refers 
Spirocyclina from the Late Cretaceous. For this genus it is not possible to identify an 
origination center, as there are Pre-Santonian records from the East and the West of the 
Mediterranean Tethys. During the Santonian it is only reported from France. 
8.1.4 Biology 
The ecological preferences for a specific habitat of Spirocyclina are not fully resolved to date 
since no interpretation of the habitat or associated fauna is given in the literature. The genus 
appears to favor shallow-water algal sites down to the limit of the photic zone. It may have 
lived as an epiphyte on plant substrates (Langer, 1993). It is often associated with shallow-
water taxa like Lacazina. 
8.1.5 Biogeographic distribution and Faunal Province 
In the time from Santonian to Maastrichtian individuals of the genus Spirocyclina were found 
in the following localities (*Senonian/Late Cretaceous records, illustrated records, not 
illustrated records):  
France (31): *Maync, 1959; Gendrot, 1965; Loeblich and Tappan, 1988; *Marie, unpubl. 
Southern Europe: Dilley, 1973 
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Figure 8.3: Number of illustrated and not illustrated references in the localities of Spirocyclina 
 
 
Figure 8.4: Global distribution of Spirocyclina in the Late Cretaceous 
 
Spirocyclina is currently only known from France. Therefore it belongs to the “European 
Tethys” Faunal Province ranging from the Pyrenees to Marseille. 
8.1.6 Remarks 
The specimens of Spirocyclina choffati Munier-Chalmas documented by Schlumberger and 
Choffat (1904; pls. 9, 10) do not belong to the genus Spirocyclina and are therefore not 
included here. A detailed historical review of the genus Spirocyclina was presented by Maync 
(1959). 
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8.2 Loftusia 
Suborder TEXTULARIINA Delage and Hérouard, 1896 
Superfamily LOFTUSIACEA Brady, 1884 
Family LOFTUSIIDAE Brady, 1884 
Genus LOFTUSIA Brady, 1869 
8.2.1 Description 
Brady (in Carpenter and Brady, 1869) defined the new genus based on material from the 
Lower Tertiary of Iran. The age was later corrected by Douvillé (1904) in being 
Maastrichtian. 
The test of Loftusia is ovoid to fusiform with an elongated axis of coiling. The length ranges 
between 2 mm and 120 mm, while the diameter varies from 1 mm to 42 mm (Meric and 
Görmüs, 2001). The test consists of up to 14 whorls, but differs from species to species. The 
septa of the chambers are distinctly curved. Further pillars can subdivide the chambers. The 
wall is agglutinated. 
 
 
b) 
 
 
 
a) 
 
c) 
 
 
d) 
Figure 8.5: a), c), d) L. persica Brady, b) L. minor Cox; a), d) Carpenter and Brady, 1869, b) Meric et al., 2001, 
c) Cox, 1937 
8.2.2 Species 
Type species: Loftusia persica Brady, in Carpenter and Brady, 1869; p. 751; pl. 77, figs. 1-5; 
pl. 78, pl. 79, figs. 1-5; pl. 80, figs. 1-4 
Synonyms: Loftusia Brady, in Carpenter and Brady, 1869; p. 751 
Species: L. anatolica Meric, 1965+ 
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L. arabica El-Asa’ad, 1989+ 
L. baykali Meric, 1965+ 
L. coxi Henson, 1948+ 
L. elongata Cox, 1937; p. 443; pl. 33, fig. 2; pl. 35, figs. 1,2 
L. harrisoni Cox, 1937; p. 447; pl. 33, fig. 4; pl. 36, figs. 4-6 
L. kahtaensis Meric, 1967+ 
L. ketini Meric, 1979+ 
L. matsumarui Meric and Görmüs, 2001; p. 44; pl. 9, figs. 8-13 
L. minor Cox, 1937; p. 446; pl. 33, fig. 5; pl. 36, figs. 1-3 
L. morgani Douvillé, 1904; p. 550+ 
L. occidentalis Milovanovich, 1938+ 
L. oktayi Meric, 1967+ 
L. persica Brady, 1869; p. 751; pl. 77, figs. 1-5; pl. 78; pl. 79, figs. 1-5, pl. 80, 
figs. 1-4 
L. turcica Meric and Avsar, 1992+ 
8.2.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
SAU (22)    X  
OMN (23)   X X  
QAT (24)    X  
YEM (25)    X  
SOM (26)    X  
IRQ (27)    X  
SYR (28)    X  
ITA (35)    X  
GRC (36)    X  
YUG (37)    X  
TUR (38)    X  
IRN (56)    X ? 
MKD (60)  ? ? ?  
HRV (62)  ? ? ?  
Figure 8.6: Stratigraphic range of the genus Loftusia in its reported localities 
 
The earliest stratigraphic report of Loftusia is from Oman (23; Abdelghany, 2003) with a 
Campanian age. The main occurrence is in the Maastrichtian. Meric and Görmüs (2001) and 
Meric et al. (2001) did a detailed analysis of the different species of Loftusia concerning their 
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age. Thus it became possible to use species of Loftusia for biozonation for the Maastrichtian 
in the Middle East: 
Early Maastrichtian: L. arabica 
Middle Maastrichtian: L. coxi, L. elongata, L. harrisoni, L. ketini, L. matsumarui, L. 
minor, L. occidentalis, L. persica, L. turcica 
Late Maastrichtian: L. anatolica, L. baykali, L. kahtaensis, L. morgani, L. oktayi 
There are also doubtful post-Cretaceous records from Iran (56). While Carpenter and Brady 
(1869) established the genus with a Lower Tertiary age, the record of Douvillé (1904) ought 
to have a Middle Lutetian age. Unfortunately the record of Douvillé (1904) cannot be verified 
by an illustration. From Macedonia (60; Meric and Görmüs, 2001; Meric et al., 2001) and 
Croatia (62; Meric et al., 2001) no stratigraphic age is given. It seems that the origination 
center of Loftusia is situated in Oman from which it dispersed to the entire eastern Tethys. 
8.2.4 Biology 
In Oman Loftusia is associated with Orbitoides, Omphalocyclus, and Lepidorbitoides 
(Abdelghany, 2003), in Iran with Omphalocyclus and Orbitoides (Cox, 1937), in Turkey with 
Orbitoides, Siderolites, Omphalocyclus, Sirtina, Lepidorbitoides, Hellenocyclina and 
Laffitteina (Özcan, 1993; Sirel, 1996; Özcan and Özkan-Altiner, 1997). The lithological 
occurrences of Loftusia vary between limestone, sandy limestone and sandstone. Both, 
lithology and faunal association, indicate a shallow-water environment from low to higher 
energetic setting. Meric and Görmüs (2001) argue for coastal and fore-reef environments, 
while Inan (1996a) interprets a back reef environment. These differences are based on 
observations from different species, but the morphology of Loftusia indicates that this genus 
is able to withstand high-energetic environmental conditions. In analogy to the environmental 
preferences of modern fusiform genera like Alveolinella or Borelis (Lipps and Severin, 1984; 
Severin and Lipps, 1989; Langer and Lipps, 2003) it appears plausible that Loftusia may have 
favored well-lit mostly oligotrophic conditions in reefal settings down to a depth of 30 meters. 
8.2.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Loftusia is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Saudi-Arabia (22): Fleury et al., 1985; Meric and Görmüs, 2001; Meric et al., 2001 
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Oman (23): Cox, 1937; Fleury et al., 1990; Meric and Görmüs, 2001; Meric et al., 2001; 
Abdelghany, 2003 
Qatar (24): Fleury et al., 1985; Fleury et al., 1990; Meric and Görmüs, 2001; Meric et al., 
2001 
Yemen (25): Fleury et al., 1985; Sartorio and Venturini, 1988; Fleury et al., 1990 
Somalia (26): Fleury et al., 1985; Fleury et al., 1990 
Iraq (27): Al-Omari and Sadek, 1976; Fleury et al., 1985; Fleury et al., 1990; Meric and 
Görmüs, 2001; Meric et al., 2001 
Syria (28): Fleury et al., 1985; Fleury et al., 1990; Meric and Görmüs, 2001; Meric et al., 
2001 
Italy (35): Fleury et al., 1990; Meric and Görmüs, 2001; Meric et al., 2001 
Greece (36): Fleury et al., 1985; Fleury et al., 1990; Meric and Görmüs, 2001; Meric et al., 
2001 
Yugoslavia (37): Fleury et al., 1985; Fleury et al., 1990; Meric and Görmüs, 2001; Meric et 
al., 2001 
Turkey (38): Fleury et al., 1985; Loeblich and Tappan, 1988; Fleury et al., 1990; Özcan, 
1993; Inan, 1996a; Sirel, 1996; Meric et al., 1997; Özcan and Özkan-Altiner, 1997; Meric 
and Görmüs, 2001; Meric et al., 2001 
Iran (56): Douvillé, 1904; Cox, 1937; Kalantari, 1976; Fleury et al., 1985; Loeblich and 
Tappan, 1988; Sartorio and Venturini, 1988; Fleury et al., 1990; Meric and Görmüs, 2001; 
Meric et al., 2001 
Macedonia (60): Meric and Görmüs, 2001; Meric et al., 2001 
Croatia (62): Meric et al., 2001 
Southern Europe: Dilley, 1973 
Old World and Mediterranean Tethys in particular: Dilley, 1971 
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Figure 8.7: Number of illustrated and not illustrated references in the localities of Loftusia 
 
For reasons of clarity in figure 8.8 the localities Yugoslavia (37) and Croatia (62) are put 
together to locality 84, and the localities Greece (36) and Macedonia (60) to locality 83. 
 
 
Figure 8.8: Global distribution of Loftusia in the Late Cretaceous 
 
The genus Loftusia occurs in the Middle East and in the northeast of Africa. It is well 
documented from the region between Yugoslavia (37) and Iran (56) in the north and Oman 
(23) in the south. The occurrence in Syria (28; Fleury et al., 1985; Fleury et al., 1990; Meric 
and Görmüs, 2001; Meric et al., 2001) is not documented by an illustration, but as it lies in the 
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aforementioned region, the occurrence is well possible. The records from Italy (35; Fleury et 
al., 1990; Meric and Görmüs, 2001; Meric et al., 2001) and Somalia (26; Fleury et al., 1985; 
Fleury et al., 1990) are also not illustrated. These localities are lying marginal to the 
remaining distribution, to that their occurrence might be possible. 
The distribution of Loftusia shows a superregional biogeographic pattern. It is present in the 
European and in the African Tethys. 
8.2.6 Remarks 
Loeblich and Tappan (1988) report Loftusia sp. from the Maastrichtian of Sumatra (47). As 
this is the only record outside the Middle East and northeast Africa, which is also not 
illustrated, the occurrence is not considered to be valid. 
Dawson (1879) records Loftusia columbiana n. sp. from the Carboniferous of British 
Columbia, but the septa are perpendicular to the chamber wall, which does not occur in 
Loftusia. It is therefore disregarded here. 
The illustration of Loftusia sp. (Figure 4e) recorded by Özcan (1993) cannot be identified as 
Loftusia. 
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8.3 Cuneolina 
Suborder TEXTULARIINA Delage and Hérouard, 1896 
Superfamily ATAXOPHRAGMIACEA Schwager, 1877 
Family CUNEOLINIDAE Saidova, 1981 
Subfamily CUNEOLININAE Saidova, 1981 
Genus CUNEOLINA d’Orbigny, 1839 
8.3.1 Description 
D’Orbigny established the genus Cuneolina in 1839. The test of Cuneolina is conical to fan-
shaped with a length of 1.0-1.6 mm and a breadth of around 1.45 mm. The chambers are low 
and broad with a biserial arrangement. They increase in length with growth and are divided 
into almost rectangular chamberlets. The wall is agglutinated. 
 
a) b) 
 
c) 
Figure 8.9: a) C. conica d’Orbigny, b), c) C. sp.; a) Gendrot, 1968, b) Landrein et al., 2001, c) Luperto Sinni and 
Ricchetti, 1978 
8.3.2 Species 
Type species: Cuneolina pavonia d’Orbigny, 1846+ 
Synonyms: Cuneolina d’Orbigny, 1839+ 
Species: C. cylindrica Henson, 1948+ 
C. ketini Inan, 1988+ 
C. pavonia d’Orbigny, 1846+ 
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8.3.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
CUB (1)  ? ? ?  
S-MEX (3) ?     
IRQ (27)    X  
SYR (28) X     
FRA (31) X X    
ESP (32) X X X X  
GER (33) X     
ITA (35) X X X X  
GRC (36) X X X X  
YUG (37) X  X X  
TUR (38) X X X X  
KIR (49)   X   
LEB (54) X     
IRN (56) X     
CHN (73) X     
JOR (75) X     
Figure 8.10: Stratigraphic range of the genus Cuneolina in its reported localities 
 
After Loeblich and Tappan (1988) the stratigraphical distribution of Cuneolina ranges from 
the Valanginian to the Coniacian, where it is reported from China, USA and Europe. Dilley 
(1973), however, speaks of an Albian to Maastrichtian distribution where it occurs in North 
and Central America, South Europe, North and West Africa and in the Middle East. In the 
Santonian Cuneolina is only reported from European localities between Spain (32; Hofker, 
1967; Caus and Cornella, 1983; Caus, 1988; Gischler et al., 1994) and Turkey (38; Sari and 
Özer, 2002). In the Campanian the genus is also mentioned from the Line Islands (49; 
Premoli Silva and Brusa, 1981) and in the Maastrichtian from Iraq (27; Al-Omari and Sadek, 
1976). There are no Paleogene records. With the prevailing data it is not possible to localize 
an origination center. 
8.3.4 Biology 
Cuneolina is often associated with specimens of the genera Rhapydionina and Raadshoovenia 
particularly in the eastern part of the Tethys, while an association with Dictyopsella, 
Meandropsina, Siderolites, Orbitoides, and Omphalocyclus is represented in the entire 
Tethyan area. The prefered habitat is mainly interpreted to be a shallow marine carbonate 
ramp (Azéma et al., 1979; Caus, 1988; Gischler et al., 1994). The presence of Dictyopsella, 
Meandropsina, and Omphalocyclus points to a protected environment with low water energy. 
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8.3.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Cuneolina is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Cuba (1): *Brönnimann, 1954 
Iraq (27): Al-Omari and Sadek, 1976 
France (31): Gendrot, 1965; Gendrot, 1968 
Spain (32): Hofker, 1967; *Azéma et al., 1979; Caus and Cornella, 1983; Caus 1988; 
Gischler et al., 1994 
Italy (35): Luperto Sinni, 1968; Luperto Sinni, 1976; Luperto Sinni and Ricchetti, 1978; 
*Sartorio and Venturini, 1988; de Castro, 1990 
Greece (36): Fleury and Godfriaux, 1974; Richter and Mariolakos, 1976; Zambetakis-Lekkas, 
1988; Landrein et al., 2001 
Yugoslavia (37): *Bignot, 1972; Gusic et al., 1988; Gusic and Jelaska, 1990 
Turkey (38): Meric and Coruh, 1991; Inan, 1996a; Inan, 1996b; Sari and Özer, 2002 
Line Islands (49): Premoli Silva and Brusa, 1981 
N America, Central America, S Europe, N Africa, Middle East, W Africa: Dilley, 1973 
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Figure 8.11: Number of illustrated and not illustrated references in the localities of Cuneolina 
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Figure 8.12: Global distribution of Cuneolina in the Late Cretaceous 
 
In the Late Cretaceous Cuneolina was mainly distributed in the Tethyan area. It occurs in the 
region between France (31; Schlumberger, 1899; Gendrot, 1965, 1968), Spain (32; 
Schlumberger, 1899; Hofker, 1967; Azéma et al., 1979; Caus and Cornella, 1983; Caus, 1988; 
Gischler et al., 1994), Italy (35; Luperto Sinni, 1968, 1976; Luperto Sinni and Ricchetti, 1978; 
Sartorio and Venturini, 1988; de Castro, 1990), Turkey (38; Meric and Coruh, 1991; Inan, 
1996a, 1996b; Sari and Özer, 2002) and Iraq (27; Al-Omari and Sadek, 1976), whereas the 
last two localities could not be verified by illustrations. It is also reported from Cuba (1; 
Brönnimann, 1954) and the Line Islands (49; Premoli Silva and Brusa, 1981). The distribution 
of Cuneolina is superregional-circumtropical.  
8.3.6 Remarks 
The records of Cuneolina from the Late Cretaceous of Cuba (1; Brönnimann, 1954) and the 
Campanian of the Line Islands (49; Premoli Silva and Brusa, 1981) are suspicious as all other 
records are restricted to the Tethyan area. Both reports cannot be verified by illustrations but 
appear to be valid (Hottinger, pers. com.). Similarly, the pre-Santonian record from Mexico 
(see table 3) requires further examination (see also Rosales Dominguez et al., 1994). 
The Cuban record derives from a recent beach-sand, where Cuneolina sp. was found together 
with other late Cretaceous foraminifera [Globotruncana stuarti (de Lapparent), 
Globotruncana lapparenti s. l., Vaughanina cubensis Palmer, Sulcoperculina dickersoni 
(Palmer), S. cubensis (Palmer), S. vermunti (Thiadens), Omphalocyclus macropora 
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(Lamarck)], but also with Paleogene and Neogene foraminifera (“Borelis” floridana Cole, 
“Borelis” gunteri Cole, Lockhartia sp., Dictyoconus sp.). The exact stratigraphic horizon of 
this faunal association therefore requires further study. 
The material from the Line Islands comes from the drill hole 315A (core 22). A Campanian 
age is given, but it is quite possible that it was contaminated by transported and reworked 
material. 
Cuneolina has also been documented in unpublished reports of the exploration industry from 
the Caribbean area. The unpublished records may therefore extend the distributional range of 
this genus. 
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8.4 Dictyopsella 
Suborder TEXTULARIINA Delage and Hérouard, 1896 
Superfamily ATAXOPHRAGMIACEA Schwager, 1877 
Family DICTYOPSELLIDAE Brönnimann, Zaninetti and Whittacker, 1983 
Genus DICTYOPSELLA Munier-Chalmas, 1899 
8.4.1 Description 
The genus Dictyopsella was erected by Munier-Chalmas (in Schlumberger, 1899) based on 
material from Étang de Berre, southern France. The test of Dictyopsella is low conical and 
trochospiral. The diameter of the test ranges between 1.3 and 2.9 mm. The chambers are 
broad and low and are arranged in two or three whorls. The last whorl consists of about 10 
chambers. On the spiral side of the test the chambers appear semilunate, on the umbilical side 
subtriangular. The chambers are divided by beams perpendicular to the septa. The wall is 
agglutinated. 
 
 
a) b) c) 
 
 
 
 
d) 
Figure 8.13: a), b), d) D. kiliani Munier-Chalmas, c) D. muretae Hottinger; a), c) Loeblich and Tappan, 1985, b) 
Loeblich and Tappan, 1988, d) Gendrot, 1968 
 
8.4.2 Species 
Type species: Dictyopsella kiliani Munier-Chalmas, in Schlumberger, 1899; p. 462; pl. 8, 
figs. 5, 7; pl. 11, fig. 20 
Synonyms: Dictyopsella Munier-Chalmas, in Schlumberger, 1899; p. 462 
Species: D. chalmasi Schlumberger, 1899; p. 463; pl. 8, fig. 4 
D. charentensis Loeblich and Tappan, 1985; p. 179; pl. 1, figs. 9-11; pl. 2, figs. 
1-9; fig. 1 
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  D. hofkeri Loeblich and Tappan, 1985; p. 181; pl. 3, figs. 1-10; fig. 2 
D. kiliani Munier-Chalmas, in Schlumberger, 1899; p. 462; pl. 8, figs. 5, 7; pl. 
11, fig. 20 
D. libanica Saint-Marc, 1973; p. 410; pl. 1, figs. 1-20; pl. 2, figs. 1-25 
D. muretae Hottinger, 1967+ 
D. tenuissima Reuss, 1862+ 
8.4.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
LEB (54) X     
SYR (28) X     
BEL (30)   X X  
NLD (57)    X  
FRA (31) X X X X  
ESP (32) X X X X  
ITA (35) X X    
POR (39)  X    
HRV (62)   X   
Figure 8.14: Stratigraphic range of the genus Dictyopsella in its reported localities 
 
The first occurrence of Dictyopsella is reported from the Albian to lower Cenomanian 
sedimentary deposits of Syria (28; Mouty et al., 2003) with the species D. cf. libanica Saint-
Marc and from the lower Cenomanian of Lebanon (54; Saint-Marc, 1973) with the species D. 
libanica Saint-Marc. Other Cenomanian individuals are also reported from France and Spain 
(31, 32; Loeblich and Tappan, 1988). From the Santonian to the Maastrichtian Dictyopsella is 
only known from European localities, whereas in the Santonian the genus is concentrated to 
the regions Portugal (39; Bonte, 1942), Spain (32; Bonte, 1942; Caus and Cornella, 1983; 
Loeblich and Tappan, 1985; Caus, 1988), France (31; Gendrot, 1965, 1968; Séronie-Vivien, 
1972; Loeblich and Tappan, 1985) and Italy (35; Luperto Sinni, 1966, 1968, 1976; Luperto 
Sinni and Ricchetti, 1978). In the Campanian Dictyopsella was found also in France, Spain, 
Croatia (62; Gusic et al., 1988; Gusic and Jelaska, 1990) and Belgium (30; Bignot and 
Neumann, 1997). Dictyopsella from Maastrichtian sediments are known from Belgium, the 
Netherlands (57; Hofker, 1966), France and Spain. There are no records of Dictyopsella that 
are younger than Maastrichtian. The Albian records of Syria point to an origin in the eastern 
Tethys. 
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8.4.4 Biology 
In nearly all analyzed locations Dictyopsella is associated with Nummofallotia and Cuneolina. 
Other commonly associated larger foraminifera are Siderolites, Orbitoides and Meandropsina. 
Dictyopsella probably lived in the upper photic zone (Hottinger, 1997) in protected peri-reefal 
areas (Saint-Marc, 1973; Luperto Sinni and Ricchetti, 1978; Caus, 1988) at moderate depths 
down to 60 m (Caus, 1988). 
8.4.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous individuals of Dictyopsella were found at the following localities 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
Belgium (30): Hofker, 1966; Bignot and Neumann, 1997 
France (31): Gendrot, 1965; Gendrot, 1968; Séronie-Vivien, 1972; Loeblich and Tappan, 
1985; Loeblich and Tappan, 1988; *Marie, unpubl. 
Spain (32): Schlumberger, 1899; Bonte, 1942; Hottinger, 1966; Hofker, 1967; Caus and 
Cornella, 1983; Caus and Vicens, 1984; Loeblich and Tappan, 1985; Caus, 1988; Loeblich 
and Tappan, 1988 
Italy (35): Luperto Sinni, 1966; *Luperto Sinni, 1968; Luperto Sinni, 1976; Luperto Sinni 
and Ricchetti, 1978 
Portugal (39): Bonte, 1942 
Netherlands (57): Hofker, 1966 
Croatia (62): Gusic et al., 1988; Gusic and Jelaska, 1990 
Western Tethys: Fleury et al., 1985 
Southern Europe, Middle East: Dilley, 1973 
Tethys: Hottinger, 1997 
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Figure 8.15: Number of illustrated and not illustrated references in the localities of Dictyopsella 
 
In the illustration of the biogeographic distribution of Dictyopsella (Figure 8.16) the locations 
from Belgium (30) and the Netherlands (57) are plotted together in location 80 for reasons of 
clarity. 
 
 
Figure 8.16: Global distribution of Dictyopsella in the Late Cretaceous 
 
In the time slice under consideration Dictyopsella only occurs in the European Tethys. The 
distribution is divided into a western region, comprising the Netherlands (57), Belgium (30), 
France (31), Spain (32) and Portugal (39), and an eastern region around Italy (35) and Croatia 
(62). It is remarkable that in the Maastrichtian the distribution of Dictyopsella is concentrated 
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in the western European Tethys (Belgium, the Netherlands, France, and Spain). In Italy, the 
genus occurs until the Santonian, whereas in Croatia there are only records of Campanian age. 
The reason for this distribution is not yet clarified, but can probably be solved with a detailed 
analysis of the particular regions. 
8.4.6 Remarks 
Dictyopsella cuvillieri Gendrot, 1968 is the type species of Dictyopselloides Loeblich and 
Tappan, 1985. 
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8.5 Lacazina 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family FABULARIIDAE Ehrenberg, 1839 
Genus LACAZINA Munier-Chalmas, 1882 
8.5.1 Description 
Munier-Chalmas established the genus Lacazina in the year 1882, based on Senonian material 
from France and Spain. 
The test of Lacazina is discoidal to elongate globular. The diameter is up to 10 mm (Loeblich 
and Tappan 1988). The chambers are biloculine arranged. The interior of the chambers is 
divided into numerous chamberlets. The wall is porcelaneous. Initially the elongate forms 
were considered to belong to the genus Alveolina (d’Orbigny, 1850). 
 
 
c) 
 
 
 
a) 
 
 
 
b) 
 
d) 
Figure 8.17: a), c) L. compressa (d’Orbigny), b), d) L. sp.; a), c) Loeblich and Tappan, 1964, b), d) Goldbeck 
 
8.5.2 Species 
Type species: Alveolina compressa d’Orbigny, 1850+ 
Synonyms: Lacazina Munier-Chalmas, 1882; p. 472+ 
Species: L. cantabrica+ 
L. compressa (d’Orbigny, 1850) + 
  L. depressa Schlumberger+ 
L. elongata Munier-Chalmas, 1885+ 
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8.5.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
FRA (31)  X X   
ESP (32)  X X   
GRC (36)     X 
ISR (53)  ? ? ?  
Sa-ITA (72)  X    
Figure 8.18: Stratigraphic range of the genus Lacazina in its reported localities 
 
The stratigraphic range of Lacazina is from the Coniacian to the Middle to Late Paleocene 
(Hottinger, 1997). In the Senonian it is reported from France (31; Hottinger, 1966; Loeblich 
and Tappan, 1988), Spain (32; Hottinger, 1966; Azéma et al., 1979) and from Israel (53; 
Loeblich and Tappan, 1988). Santonian records exist from France (31; Gendrot, 1965; Fleury 
et al., 1985), Spain (32; Caus and Hottinger, 1986; Caus, 1988; Caus et al., 1996) and from 
Sardinia (72; Fleury et al., 1985; Hottinger et al., 1989). In the Campanian Lacazina is 
reported from France (31) and Spain (32). From the Maastrichtian no detailed localities are 
reported, only Dilley (1973) reports Lacazina from the Maastrichtian of Southern Europe. 
Lacazina originated in the western part of the Tethys in the area between France, Spain and 
Sardinia. 
8.5.4 Biology 
In the reported localities Lacazina is associated with individuals of the genera Cuneolina, 
Orbitoides, Dictyopsella, Nummofallotia, and Meandropsina. 
Lacazina occurs in the upper photic zone in protected areas (Hottinger, 1966; Caus, 1988). 
This genus displays a distinct change in morphology with depth. The short large form L. 
compressa appears at depths to around 40 m, whereas with increasing depth from 40 to 80 m 
it is replaced by the smaller elongate L. elongata (Hottinger, 1966; Caus, 1988). Lacazina 
compressa seems to prefer an environment of high water energy and hard substrate, while L. 
elongata occurs in regions of low water energy on soft substrate (Hottinger, 1983). It may 
well be that species of this genus lived within algal turfs or even as epiphytes on algal thalli. 
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8.5.5 Biogeographic distribution and Faunal Province 
From the Santonian to the Maastrichtian individuals of the genus Lacazina were found in the 
following localities (*Senonian/Late Cretaceous records, illustrated records, not illustrated 
records): 
France (31): Gendrot, 1965; *Hottinger, 1966; Fleury et al., 1985; *Loeblich and Tappan, 
1988; Hottinger et al., 1989; Caus et al., 1996 
Spain (32): Schlumberger, 1899; Hottinger, 1966; Hofker, 1967; *Azéma et al., 1979; Fleury 
et al., 1985; Caus and Hottinger, 1986; Caus, 1988; Loeblich and Tappan, 1988; *Hottinger 
et al., 1989; Gischler et al., 1994; Caus et al., 1996 
Sardinia (72): Fleury et al., 1985; *Hottinger et al., 1989 
Confined to Europe or to northern Africa: *Dilley, 1971 
Southern Europe: Dilley, 1973 
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Figure 8.19: Number of illustrated and not illustrated references in the localities of Lacazina 
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Figure 8.20: Global distribution of Lacazina in the Late Cretaceous 
 
In the Late Cretaceous Lacazina exhibits a distinct regional distribution pattern. It occurs in 
France (31; Gendrot, 1965; Fleury et al., 1985; Hottinger et al., 1989; Caus et al., 1996), 
Spain (32; Schlumberger, 1899; Hottinger, 1966; Hofker, 1967; Fleury et al., 1985; Caus and 
Hottinger, 1986; Caus, 1988; Loeblich and Tappan, 1988; Gischler et al., 1994; Caus et al., 
1996) and Sardinia (72; Fleury et al., 1985). Further it is reported from the Senonian of Israel 
(53; Loeblich and Tappan, 1988) but as this record is not illustrated it must be handled with 
care until more evidence is provided. 
8.5.6 Remarks 
Yabe and Hanzawa (1931) quote Silvestri (1925) who reports Lacazina lamellifera Silvestri 
from the Upper Cretaceous of Sumatra. But they doubt the result because the morphology of 
the figured foraminifera is significantly different. They also question the Cretaceous age, and 
it is therefore not regarded here. 
Yabe and Hanzawa (1931) reported ?Lacazina wichmanni Schlumberger from the ?Late 
Cretaceous and ?Eocene of New Guinea in association with several Eocene foraminifera. 
These records cannot be verified by illustrations, and therefore remain doubtful. In 1962, 
Crespin established a new genus, Lacazinella with the type species Lacazina wichmanni 
Schlumberger. Lacazinella differs from Lacazina in its prolate form, the completely 
embracing chambers and by the existence of longitudinal perforate ribs in the endoskeleton. 
After Crespin (1962) Lacazina elongata Munier-Chalmas from the Santonian of Spain does 
Results: Biogeographic Distribution – Lacazina 
 56
belong to Lacazinella. It is possible that also the species reported by Yabe and Hanzawa 
(1931) must be added to Lacazinella Crespin. 
Bilotte (1978) considers similar porcelaneous taxa that have an agglutinated cover to belong 
to a separate genus, which he named Adrahentina. However, many porcelaneous species often 
incorporate sediment particles in their wall. The erection of a new genus based on this 
character alone is therefore not justified. The species of Adrahentina identified by Bilotte 
(1978) are therefore considered to be true Lacazinas. In addition the Maastrichtian age given 
by Bilotte for Adrahentina may in fact be older than Campanian (Caus and Vicens, 1984). 
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8.6 Chubbina 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family RHAPYDIONINIDAE Keijzer, 1945 
Subfamily RHAPYDIONININAE Keijzer, 1945 
Genus CHUBBINA Robinson, 1968 
8.6.1 Description 
Robinson established the genus Chubbina in 1968 relating to Jamaican material. The genus 
name was given in appreciation to Dr. Chubb, who worked extensively on Cretaceous 
material from the Caribbean region. 
The test of Chubbina is peneropline reaching up to 8 mm in diameter and 1.5 mm in thickness 
(Loeblich and Tappan, 1988). The chambers are subdivided by numerous septula, which are 
arranged parallel and perpendicular to the direction of growth, resulting in nearly rounded 
chamberlets. The wall is calcareous, porcelaneous. The openings of the multiple aperture are 
scattered over the apertural face. 
 
 
a) 
 
b) 
 
c) 
 
d) 
Figure 8.21: a) - d) C. jamaicensis Robinson; a), b), d) Robinson, 1968, c) Hamaoui and Fourcade, 1973 
 
8.6.2 Species 
Type species: Chubbina jamaicensis Robinson, 1968; p. 527; pl. 101, figs. 1-6; pl. 102, figs. 
1-5  
Synonyms: Chubbina Robinson, 1968; p. 527+ 
  Borelis cardenasensis Barker and Grimsdale, 1937; p. 173; pl. 173, figs. 1-5 
Species: C. cardenasensis (Barker and Grimsdale, 1937), p. 529+ 
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  C. jamaicensis Robinson, 1968, p. 527, pls. 101(1-6), 102(1-5) 
C. macgillavryi Robinson, 1968; p. 529; pl. 102, fig. 8; pl. 103, figs. 3, 4; pl. 
102, figs. 6, 7 
8.6.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
CUB (1)   X X  
F-USA (2)   X X  
S-MEX (3)   X X  
JAM (6)   X X  
MEXu   X X  
Figure 8.22: Stratigraphic range of the genus Chubbina in its reported localities 
 
In the Caribbean region Chubbina occurs in Campanian and Maastrichtian outcrops in Cuba 
(1; Dilley, 1973; Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988), Florida (2; 
Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988), Chiapas (3; Robinson, 1968; 
Dilley, 1973) and Jamaica (6; Robinson, 1968; Dilley, 1973; Hamaoui and Fourcade, 1973; 
Loeblich and Tappan, 1988). As the first occurrence of Chubbina is in the Caribbean, it 
probably represents the center of origin of this species. 
8.6.4 Biology 
From the Campanian-Maastrichtian of S-Mexico Chubbina is reported together with 
Orbitoides, Vaughanina, Sulcoperculina in sandy marls and micritic limestones and with 
Sulcoperculina and Pseudorbitoides in gray and white limestones (Pécheux, 1984). 
Based on the associated fauna and other information from the Caribbean the preferred habitat 
of Chubbina is interpreted as a shallow shelf or lagoonal environment (Robinson, 1968; 
Hamaoui and Fourcade, 1973). Eva (1980) interprets Chubbina as being a seagrass-dweller 
comparable to modern peneroplid morphotypes (Langer, 1993). Seagrasses have been around 
since the Cretaceous (den Hartog, 1970) but peneroplid forms are also frequent epiphytes on 
various types of algae (Langer, 1993). 
8.6.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Chubbina is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Cuba (1): Dilley, 1973; Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988 
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Florida (2): Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988 
Tuxtla Guttierez (3): Robinson, 1968; Dilley, 1973; Pécheux, 1984; Rosalez Dominguez et 
al., 1994 
Jamaica (6): Robinson, 1968; Dilley, 1973; Hamaoui and Fourcade, 1973; Loeblich and 
Tappan, 1988 
Mexico (68): Hamaoui and Fourcade, 1973; Butterlin, 1981; Loeblich and Tappan, 1988 
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Figure 8.23: Number of illustrated and not illustrated references in the localities of Chubbina 
 
For reasons of clarity, the localities 3 (S-Mexico) and 68 (Mexico undifferentiated) in figure 
8.24 were plotted together in locality 68. 
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Figure 8.24: Global distribution of Chubbina in the Late Cretaceous 
 
The genus Chubbina is restricted to the northern part of the Caribbean region. It occurs 
between Florida (2; Hamaoui and Fourcade 1973; Loeblich and Tappan 1988), Mexico (76; 
Hamaoui and Fourcade 1973; Butterlin 1981; Loeblich and Tappan 1988) and Jamaica (6; 
Robinson 1968; Dilley 1973; Hamaoui and Fourcade 1973; Loeblich and Tappan 1988). 
8.6.6 Remarks 
In 1977, Fleury reported a new species, ?Chubbina philippsoni, from the Late Cretaceous of 
Greece, but he has explicitely marked the genus as uncertain. In 1990, de Castro reanalyzed 
the greek form and found distinct differences that justified the erection of a new genus 
Pseudochubbina, to which he added ?Chubbina philippsoni. The record from Greece is 
therefore not regarded to be valid. 
 
Results: Biogeographic Distribution – Pseudedomia 
 61
8.7 Pseudedomia 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family RHAPYDIONINIDAE Keijzer, 1945 
Subfamily RHAPYDIONINIAE Keijzer, 1945 
Genus PSEUDEDOMIA Henson, 1948 
8.7.1 Description 
In 1948, Henson established the genus Pseudedomia, based on Maastrichtian material from 
Qatar. Pseudedomia has a porcelaneous lenticular test with an arcuated periphery. It is 
planispiral and involute but the number of whorls depends on the species. The diameter is up 
to 3.5 mm (Loeblich and Tappan, 1988). In axial view the chambers show a thickening of the 
inner wall from which small pillars arises forming small chamberlets. The number of 
chambers in the last whorl differs specifically.  
 
 
a) b) 
 
c) 
 
d) 
Figure 8.25: a), c) P. hekimhanensis Görmüs, b) P. cf. hamaouii Rahaghi, d) P. complanata Eames and Smout; 
a), c) Görmüs, 1999, b) de Castro, 1988, d) Loeblich and Tappan, 1988 
 
8.7.2 Species 
Type species: Pseudedomia multistriata Henson, 1948+ 
Synonyms: Pseudedomia Henson, 1948+ 
Species: P. complanata Eames and Smout, 1955+ 
P. hamaouii Rahaghi, 1976; pl. 1, figs. 1-11 
P. hekimhanensis Görmüs, 1996; p. 12; pl. 1, figs. 1-3 
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P. multistriata Henson, 1948+ 
P. persica Rahaghi, 1989; p. 181; pl. 3, figs. 1-8 
8.7.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
DZA (16) X     
TUN (17) X X X X  
QAT (24) X X X X  
IRQ (27) X X X X  
SYR (28) X     
ESP (32)    X  
ITA (35) X X X X  
GRC (36) X X X X  
YUG (37) X X X X  
TUR (38) X  X X  
POR (39) X X X X  
ISR (53) X X X X  
LEB (54) X X X X  
KWP (55) X X X X  
IRN (56)  X X   
ARE (66)   X X  
Figure 8.26: Stratigraphic range of the genus Pseudedomia in its reported localities 
 
Pseudedomia has been reported from the Cenomanian of Algeria (16; Hamaoui and Fourcade, 
1973). Loeblich and Tappan (1988) cite Pseudedomia sp. from the Cenomanian to 
Maastrichtian of Qatar, Kuwait, Tunisia, Lebanon, Iraq, Israel, Italy, Portugal, Yugoslavia, 
and Greece without a detailed stratigraphic affiliation. From the Santonian to the 
Maastrichtian it is distributed in the Tethyan region between Portugal (39; P. sp., without 
illustration), Spain (32; without illustration), Turkey (38), Kuwait (55), and Qatar (24). There 
are no Paleogene records of this genus. Because of its numerous occurrences in the Pre-
Santonian an origination center cannot be identified. 
8.7.4 Biology 
Mavrikas et al. (1994) are of the opinion that Loftusia and Pseudedomia have shared the same 
ecological niche, while (Brasier, 1975 in Eva, 1980) suggests that Pseudedomia is a seagrass-
adapted form. The species Pseudedomia aff. multistriata is reported to have lived together 
with specimens of the genera Siderolites, Orbitoides, Lepidorbitoides, Hellenocyclina, and 
Sirtina on the external platform (Mavrikas et al., 1994). Another species, Pseudedomia cf. 
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multistriata Henson, has been reported from reefal outcrops of Greece with Orbitoides, 
Loftusia, Sirtina, Siderolites, Clypeorbis, Nummofallotia and Rhapydionina. This indicates a 
lagoonal or backreefal paleoenvironment (Mavrikas et al., 1994 in Görmüs, 1999). The 
lithofacies and faunal associations of P. hekimhanensis hints to an even more restricted 
lagoonal setting than P. multistriata (Görmüs, 1999). 
8.7.5 Biogeographic distribution and Faunal Province 
In the time from the Santonian to the Maastrichtian individuals of the genus Pseudedomia 
were found in the following localities (*Senonian/Late Cretaceous records, illustrated records, 
not illustrated records): 
Tunisia (17): Loeblich and Tappan, 1988 
Qatar (24): Hamaoui and Fourcade, 1973; Fleury et al., 1985; Loeblich and Tappan, 1988; 
Görmüs, 1999 
Iraq (27): Fleury et al., 1985; Loeblich and Tappan, 1988 
Spain (32): Görmüs, 1999 
Italy (35): Loeblich and Tappan, 1988 
Greece (36): Loeblich and Tappan, 1988; Mavrikas et al., 1994; Görmüs, 1999 
Yugoslavia (37): Loeblich and Tappan, 1988 
Turkey (38): Görmüs, 1996; Görmüs, 1999 
Portugal (39): Loeblich and Tappan, 1988 
Israel (53): Loeblich and Tappan, 1988 
Lebanon (54): Loeblich and Tappan, 1988 
Kuwait (55): Fleury et al., 1985; Loeblich and Tappan, 1988; Görmüs, 1999 
Iran (56): Rahaghi, 1976; Fleury et al., 1985; Rahaghi, 1989; Görmüs, 1999 
United Arab Emirates (66): de Castro, 1988 
Southern Europe: *Dilley, 1971 
Middle East: *Dilley, 1971; Dilley, 1973 
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Figure 8.27: Number of illustrated and not illustrated references in the localities of Pseudedomia 
 
The localities Israel (53) and Lebanon (54) are drawn together in location 81 in figure 8.28. 
 
 
Figure 8.28:  Global distribution of Pseudedomia in the Late Cretaceous 
 
In the Late Cretaceous Pseudedomia shows a superregional distribution within the Tethyan 
Ocean. It is known from southern Europe and northern Africa. It occurs from the western part 
of the European Tethys (Portugal: 39; Loeblich and Tappan, 1988; Spain: 32; Görmüs, 1999) 
all the way to the east till Qatar and the United Arab Emirates (Italy: 35; Loeblich and 
Tappan, 1988; Tunisia: 17; Loeblich and Tappan, 1988; Greece: 36; Loeblich and Tappan, 
1988; Mavrikas et al., 1994; Görmüs, 1999; Qatar: 24; Hamaoui and Fourcade, 1973; Fleury 
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et al., 1985; Loeblich and Tappan, 1988; Görmüs, 1999; United Arab Emirates: 66; de Castro, 
1988). Unfortunately no record of the western part of the Tethys can be verified by an 
illustration. These locations require further studies. 
8.7.6 Remarks 
In 1990, de Castro established a new genus, Pseudochubbina, with the type species 
Pseudedomia globularis Smout. 
The species Pseudedomia viallii (Colalongo) and P. drorimensis Reiss, Hamaoui and Ecker 
seem to occur only in the Cenomanian. However, P. drorimensis differs in morphology from 
the type Pseudedomia, and P. viallii has been described as a member of Sellialveolina (Caus, 
pers. com.). Both records may therefore not belong here. In addition, post-Cenomanian 
records of Pseudedomia in Spain and Portugal have yet not been confirmed and require 
further study. 
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8.8 Raadshoovenia 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family RHAPYDIONINIDAE Keijzer, 1945 
Subfamily RHAPYDIONINNINAE Keijzer, 1945 
Genus RAADSHOOVENIA van den Bold, 1946 
8.8.1 Description 
Van den Bold (1946) established the genus based on Eocene material from Guatemala. The 
porcelaneous test of Raadshoovenia is in the juvenile stage planispiral involute, consisting of 
around three whorls. The adult stage is uncoiled and rectilinear. The interior of the rounded 
chambers is subdivided by numerous septula. 
 
 
a) 
 
 
 
b) 
Figure 8.29: R. salentina (Papetti and Tedeschi); a) Sartorio and Venturini, 1988, b) Hamaoui and Fourcade, 
1973 
 
8.8.2 Species 
Type species: Raadshoovenia guatemalensis van den Bold, 1946+ 
Synonyms:  Raadshoovenia van den Bold, 1946+ 
Species: R. cuvillieri (Fourcade)+ 
R. salentina (Papetti and Tedeschi, 1965)+ 
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8.8.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
S-MEX (3)     ? 
GTM (9)     ? 
IRQ (27)  X X   
ESP (32)   X   
ITA (35)  X X X  
GRC (36)  X X   
YUG (37)  X    
HRV (62)   X   
SVN (63) ? ? ? ?  
Figure 8.30: Stratigraphic range of the genus Raadshoovenia in its reported localities 
 
The first occurrences of Raadshoovenia are from the Santonian of Italy (35; de Castro, 1971, 
1988, 1990; Hamaoui and Fourcade, 1973; Fleury et al., 1985; Loeblich and Tappan, 1988), 
Greece (36; Loeblich and Tappan, 1988), Yugoslavia (37; Fleury et al., 1985) and Iraq (27; 
Fleury et al., 1985). In the Campanian nearly the same distribution pattern prevails, whereas 
in the Maastrichtian Raadshoovenia is only reported from Italy (35; Luperto Sinni and 
Ricchetti, 1978). In the Paleocene there are no records from the Central Tethyan region but 
from Mexico (Butterlin, 1981; Pécheux, 1984) and Guatemala (de Castro, 1971; Hamaoui and 
Fourcade, 1973; Loeblich and Tappan, 1988). A clear origination center cannot be given to 
date. 
8.8.4 Biology 
Raadshoovenia is often found together with Cuneolina, which is recorded from shallow 
marine carbonate areas (Azéma et al., 1979; Caus, 1988; Gischler et al., 1994). 
Raadshoovenia is comparable to modern peneroplid foraminifera, which are commonly found 
in shallow water epifaunal habitas. Modern peneroplids also have a preference for epiphytal 
hard substrates including seagrasses and algal thalli (Langer, 1989, 1993; Langer et al., 1998). 
The enivronment of Raadshoovenia was probably in reefal and lagoonal settings or on 
shallow shelves not deeper than 100 meters. 
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8.8.5 Biogeographic distribution and Faunal Province 
In the time from Santonian to Maastrichtian individuals of the genus Raadshoovenia were 
found in the following localities (*Senonian/Late Cretaceous records, illustrated records, not 
illustrated records): 
Iraq (27): Fleury et al., 1985 
Spain (32): de Castro, 1971; *Hamaoui and Fourcade, 1973; *Azéma et al., 1979; Fleury et 
al., 1985; Loeblich and Tappan, 1988 
Italy (35): de Castro, 1971; Hamaoui and Fourcade, 1973; Fleury et al., 1985; Luperto Sinni 
and Ricchetti, 1978; de Castro, 1988; Loeblich and Tappan, 1988; Sartorio and Venturini, 
1988; de Castro, 1990 
Greece (36): *Hamaoui and Fourcade, 1973; *Fleury, 1977; Fleury et al., 1979; Loeblich and 
Tappan, 1988; *Fleury et al., 1990 
Yugoslavia (37): Fleury et al., 1985 
Croatia (62): Fleury et al., 1985 
Slovenia (63): *Bignot, 1972 
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Figure 8.31: Number of illustrated and not illustrated references in the localities of Raadshoovenia 
 
For reasons of clarity in figure 8.32 the locations Yugoslavia (37), Croatia (62), and Slovenia 
(63) were plotted together in locality 84. 
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Figure 8.32: Global distribution of Raadshoovenia in the Late Cretaceous 
 
In the Late Cretaceous Raadshoovenia shows a superregional distribution. It occurs in 
Southern Europe between Spain (32; de Castro, 1971; Fleury et al., 1985; Loeblich and 
Tappan, 1988) and Greece (36; Hamaoui and Fourcade, 1973; Fleury, 1977; Fleury et al., 
1979, 1990; Loeblich and Tappan, 1988) as well as in Northern Africa (27; Fleury et al., 
1985). 
8.8.6 Remarks 
The Eocene age of the Guatemalan material for the type species needs reinvestigation, 
inasmuch as all other species of the genus are restricted to the Upper Cretaceous (Loeblich 
and Tappan, 1988). Raadshoovenia has often been misidentified in the literature and the entire 
genus concept of Raadshoovenia and associated species requires a complete revision.  
There are a number of problematic issues that concern this genus: Loeblich and Tappan 
(1988) place Cuvillierinella in synonymy with Raadshoovenia. In addition, the relationship 
between Murciella and Raadshoovenia has not been fully clarified to date. The outcome of 
this discussion will have a significant effect on the distribution of Raadshoovenia and 
associated taxa. The Tertiary records require additional studies to confirm their placement in 
the genus Raadshoovenia (see also Steuber et al., 2002). 
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8.9 Rhapydionina 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family RHAPYDIONINIDAE Keijzer, 1945 
Subfamily RHAPYDIONININAE Keijzer, 1945 
Genus RHAPYDIONINA Stache, 1913 
8.9.1 Description 
The genus Rhapydionina was erected in 1913 by Stache based on material from Lipiza 
(Slovenia). This genus shows a strong dimorphism. The juvenile stage of Rhapydionina 
(megalospheric generation) consists of one whorl which is planispirally enrolled. Hamaoui 
and Fourcade (1973) give a length of 7 mm and a breadth of 1.8 mm. The following chambers 
are uncoiled and rectilinear. The chambers are slightly arcuated towards the direction of 
coiling and distinctly incised. Each chamber is subdivided by septula, which arise from the 
wall to the center of the chamber. The microspheric generation, formerly called Rhipidionina, 
shows a fan-shaped outline. 
 
 
a) 
 
b) 
 
 
 
 
d) 
 
c) 
 
 
e) 
Figure 8.33: R. liburnica (Stache) a) - c) megalospheric generation, d), e) microspheric generation; a) Reichel, 
1984, b), c) Sartorio and Venturini, 1988, d), e) Bignot, 1972 
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8.9.2 Species 
Type species: Peneroplis liburnica Stache, 1889+ 
Synonyms: Rhapydionina Stache, 1913+ 
Rhipidionina Stache, 1913+; type species: Pavonina liburnica Stache, 1889+ 
Species: R. liburnica (Stache, 1889)+ 
8.9.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
IRQ (27)    X  
ITA (35) X X X X  
GRC (36) X X X X  
YUG (37) X X X X  
TUR (38)    X  
IRN (56)     X 
ALB (61)    X  
HRV (62)    X  
SVN (63)    X  
ZYP (69)    X  
Figure 8.34: Stratigraphic range of the genus Rhapydionina in its reported localities 
 
Pre-Santonian records of Rhapydionina are from Italy (35; de Castro, 1965; Loeblich and 
Tappan, 1988), Greece (36; Loeblich and Tappan, 1988), and Yugoslavia (37; Loeblich and 
Tappan, 1988). In the Santonian and in the Campanian Rhapydionina is known from Italy (35; 
Loeblich and Tappan, 1988), Greece (36; Hamaoui and Fourcade, 1973; Landrein et al., 
2001), and Yugoslavia (37; Hamaoui and Fourcade, 1973). In the Maastrichtian the genus 
under consideration is reported from the eastern part of the European Tethys, including Italy 
(35), Yugoslavia (37) and Turkey (38). There is also a single record from Iraq (27; Fleury et 
al., 1985). Seiglie and Ayala-Castanares (1963) and Butterlin (1981) report Rhapydionina 
from Cuba and Mexico. Both records are likely to be incorrect and are therefore not included 
here. There is also a single Paleocene record from Iran (56; Kalantari, 1976) and an incorrect 
Jurassic record from the Mount Jolmo Lungma region in China (Ho et al., 1976). The 
origination center of Rhapydionina seems to be situated in the area between Italy, Greece and 
Yugoslavia, from where it dispersed to the East. 
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8.9.4 Biology 
Rhapydionina is often found together with species of the genus Raadshoovenia. Other 
associated genera are Cuneolina, Nummofallotia, Dictyopsella, and Siderolites. 
Rhapydionina seems to have preferred the ”upper photic zone, - ca. 40 m” as inferred from 
sedimentological records and the associated fauna (Hottinger, 1997). 
8.9.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Rhapydionina is reported from the following locations 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
Iraq (27): Fleury et al., 1985 
Italy (35): *Luperto Sinni, 1965; *Luperto Sinni, 1968; *Bignot, 1972; Fleury et al., 1985; 
*Loeblich and Tappan, 1988 
Greece (36): Hamaoui and Fourcade, 1973; Fleury and Godfriaux, 1974; Fleury, 1977; 
*Fleury et al., 1979; Fleury et al., 1985; *Loeblich and Tappan, 1988; Zambetakis-Lekkas, 
1988; Fleury et al., 1990; Mavrikas et al., 1994; Landrein et al., 2001 
Yugoslavia (37): Hamaoui and Fourcade, 1973; Fleury et al., 1985; *Loeblich and Tappan, 
1988 
Turkey (38): Fleury et al., 1985 
Albania (61): Fleury et al., 1985 
Croatia (62): Hamaoui and Fourcade, 1973; Gusic et al., 1988; Gusic and Jelaska, 1990 
Slovenia (63): *Bignot, 1972; *de Castro, 1972; Reichel, 1984; Sartorio and Venturini, 1988 
Cyprus (69): Fleury et al., 1985 
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Figure 8.35: Number of illustrated and not illustrated references in the localities of Rhapydionina 
 
For reasons of clarity the localities Yugoslavia (37), Croatia (62) and Slovenia (63) are plotted 
together in location 84 in figure 8.36. 
 
 
Figure 8.36: Global distribution of Rhapydionina in the Late Cretaceous 
 
The main distribution of Rhapydionina in the Late Cretaceous is in Europe between Italy (35), 
Croatia (62), Greece (36) and Turkey (38), but there are also records of that genus from Iraq 
(27). The Caribbean records are highly unlikely, so that the biogeographic distribution of this 
genus is restricted to the European/North African region 
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8.9.6 Remarks 
In the Cretaceous Rhapydionina is the megalospheric generation, while Rhipidionina is the 
microspheric one (Reichel, 1984). 
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8.10 Subalveolina 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family ALVEOLINIDAE Ehrenberg, 1839 
Genus SUBALVEOLINA Reichel, 1936 
8.10.1 Description 
Reichel first described the genus Subalveolina in 1936 from Campanian strata of Belvès, 
Dordogne, France. The test of Subalveolina is fusiform with a length up to 10 mm and a 
diameter up to 1.4 mm (Reichel, 1936). The chambers are subdivided by numerous septula 
constructing chamberlets. In the polar region secondary chamberlets are present. A large 
preseptal passage is visible. The aperture consists of two rows of numerous openings. 
 
a) b) 
Figure 8.37: a), b) S. dordonica (Reichel); a), b) Reichel, 1936 
 
8.10.2 Species 
Type species: Subalveolina dordonica Reichel, 1936; p. 74, pl. 4, figs. 1-4 
Synonyms: Subalveolina Reichel, 1936; p. 73; pl. 4, figs. 1-4 
Species: S. dordonica Reichel, 1936; p. 74; pl. 4, figs. 1-4 
  S. pérébaskini Reichel, 1953; p. 257; pl. 13, figs. 1, 2; pl. 14, figs. 1-7 
8.10.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
FRA (31)  X X   
Figure 8.38: Stratigraphic range of the genus Subalveolina in its reported localities 
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The genus Subalveolina is only known from France (31; Reichel, 1936, 1953; Fleury et al., 
1985; Caus and Hottinger, 1986) with a first appearance in the Early Senonian (Hottinger, 
1997). It is recorded from the Santonian and from the Campanian, but there are no records of 
Maastrichtian species. Subalveolina shows a high degree of endemism as it occurs exclusively 
in France (31; Caus and Hottinger, 1986; Loeblich and Tappan, 1988; Reichel, 1936, 1953; 
Séronie-Vivien, 1972). As Subalveolina is only reported from France it should be originated 
there. 
8.10.4 Biology 
In France Subalveolina is associated with Dictyopsella and Nummofallotia. The species S. 
pérébaskini Reichel is reported together with Lacazina elongata. 
This genus is interpretated to have lived in the upper photic zone at depths to 40 m (Hottinger, 
1997) in high energy zones of a shallow ramp (Hohenegger, 1999). In contrast, Hottinger 
(1983) interprets the habitat as a soft substrate in an environment of low water energy. 
Comparative observations on modern elongate Alveolinids make the latter interpretation more 
likely (Langer and Lipps, 2003). 
8.10.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Subalveolina is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
France (31): Reichel, 1936; Reichel, 1953; Séronie-Vivien, 1972; Fleury et al., 1985; Caus 
and Hottinger, 1986; Loeblich and Tappan, 1988 
Southern Europe: Dilley, 1973 
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Figure 8.39: Number of illustrated and not illustrated references in the localities of Subalveolina 
 
 
Figure 8.40: Global distribution of Subalveolina in the Late Cretaceous 
 
In the Late Cretaceous Subalveolina occurs in France (31; Reichel, 1936, 1953; Séronie-
Vivien, 1972; Caus and Hottinger, 1986; Loeblich and Tappan, 1988). Subalveolina shows a 
high degree of endemism, as it is restricted to SW Europe. 
8.10.6 Remarks 
Caus and Hottinger (1986) quote Pécheux (1984) that it was also reported from the Santonian-
Campanian of Mexico (76), but this cannot be verified. 
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8.11 Meandropsina 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family MEANDROPSINIDAE Henson, 1948 
Genus MEANDROPSINA Munier-Chalmas, 1898 
8.11.1 Description 
Munier-Chalmas defined the genus Meandropsina (in Schlumberger, 1898) based on 
Cretaceous material from Tobillas, Spain. Meandropsina has a large discoidal test with a 
diameter of up to 17 mm (Loeblich and Tappan, 1988) and a thickness of 0.5 mm (Loeblich 
and Tappan, 1988). The early chambers are planispiral with strongly curved septa. Later the 
chambers become peneropline and finally cyclical. The chambers are subdivided by numerous 
straight septula forming nearly rectangular chamberlets. The arrangement of the chambers 
appears somewhat irregular and the septa on the outside of the test are meandering. 
 
 
a) 
 
b) 
 
 
 
c) 
Figure 8.41: a) - c) M. vidali Schlumberger; a) - c) Schlumberger, 1898 
 
8.11.2 Species 
Type species: Meandropsina vidali Schlumberger, 1898; p. 337+ 
Synonyms: Meandropsina Munier-Chalmas, in Schlumberger, 1898; p. 336 
Species: M. vidali Schlumberger, 1898; p. 337; pl. 8, figs. 1-3; pl. 9, figs. 4-6 
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8.11.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
FRA (31)    X  
ESP (32) ? X X ?  
IRN (56) ? ? ? ?  
Figure 8.42: Stratigraphic range of the genus Meandropsina in its reported localities 
 
The first stratigraphic occurrence of Meandropsina is in the Santonian of Spain (32; 
Hottinger, 1966; Caus and Cornella, 1983) respectively in the Pyrenees (31/32; Caus and 
Hottinger, 1986). Records from the Campanian exist only from Pyrenean sites (31/32; Caus 
and Hottinger, 1986). In the Maastrichtian Meandropsina is reported from France (Barrier and 
Neumann, 1959) and China (73; Gaetani et al., 1980), but a verification of these reports is still 
required. From the Senonian Meandropsina is reported from Spain (32; Loeblich and Tappan, 
1988) and from Iran (56; Loeblich and Tappan, 1988). Dilley (1971) already reports the genus 
from the Cenomanian of southern Europe and southwest Asia. Meandropsina originated in 
the Pyrenean region. 
8.11.4 Biology 
Meandropsina is commonly associated with Nummofallotia (Hottinger, 1966). In comparison 
to modern discoidal morphotypes (e.g., Sorites) it appears plausible to assume a preferred 
epiphytic habitat for Meandropsina (Langer, 1993). This is in agreement with assumptions by 
Hottinger (1983, 1997) who places the genus in the upper photic zone down to a depth of 
approximately 40 m. 
8.11.5 Biogeographic distribution and Faunal Province 
From the Late Cretaceous Meandropsina is reported from the following localities 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
France (31): Barrier and Neumann, 1959 
Spain (32): *Schlumberger, 1898; Hottinger, 1966; Caus and Cornella, 1983; *Loeblich and 
Tappan, 1988  
Pyrenees (31/32): Caus and Hottinger, 1986 
Southern Europe: Dilley, 1973 
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Figure 8.43: Number of illustrated and not illustrated references in the localities of Meandropsina 
 
 
Figure 8.44: Global distribution of Meandropsina in the Late Cretaceous 
 
In the Late Cretaceous Meandropsina did occur in the Pyrenean Gulf to which it was 
restricted according to Caus and Hottinger (1986). Loeblich and Tappan (1988) also report it 
from the Senonian of Iran, but this cannot be verified by illustrations or by a citation. Gaetani 
et al. (1980) report the genus in Maastrichtian sediments in China. However, his illustration 
shows a specimen that belongs to Fascispira. The genus is therefore endemic to the Pyrenean 
Gulf with a regional distribution pattern similar to Lacazina. 
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8.11.6 Remarks 
In the Caribbean area ?Meandropsina rutteni is reported from the Maastrichtian of Cuba (1;  
Caudri, 1944; Brönnimann, 1954) and Mexico (76; Caudri, 1944). The morphological 
structure of the Caribbean Meandropsina records however, is distinctly different and therefore 
belongs to the genus Ayalaina. 
Renz (1936) reports of the species ?Meandropsina n. sp. aff. Nonionina cretacea from the 
Maastrichtian of Switzerland (58; pl. 33, figs. 1, 2), which clearly shows oblique septa, which 
do not occur in Meandropsina. It is more likely that these specimens belong to the type 
species of Nummofallotia Barrier and Neumann. For the same reasons, also Meandropsina 
vidali from the Maastrichtian of Switzerland (58; pl. 33, figs. 3, 5, 6) and Meandropsina sp. 
from the Maastrichtian of Switzerland (58; pl. 30, fig. 3; pl. 31, fig. 3) should be considered to 
be members of Nummofallotia. Due to these results also the not illustrated records of 
Meandropsina sp. from Spain (32), Portugal (39) and France (31) are doubtful. 
Gaetani et al. (1980) report of ?Meandropsina sp. from the late Maastrichtian of Ladakh-
Himalaya (73; pl. 11, fig. 4b), but the illustration depicts a Fascispira and not a 
Meandropsina. Meandropsina vidali from the Santonian of Spain (32; pl. 8, fig. 2), which is 
reported by Schlumberger (1899) is more similar to Fallotia than to Meandropsina as the 
chambers are strongly overlapping, while in Meandropsina the chambers become peneropline 
and later cyclical. Also the other illustrated specimens (pl. 9, figs. 11, 14) cannot be assigned 
to Meandropsina as they lack a peneropline stage (pl. 9, fig. 11) and because the test is not 
discoidal but lenticular (pl. 9, fig. 14). 
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8.12 Nummofallotia 
Suborder MILIOLINA Delage and Hérouard, 1896 
Superfamily ALVEOLINACEA Ehrenberg, 1839 
Family MEANDROPSINIDAE Henson, 1948 
Genus NUMMOFALLOTIA Barrier and Neumann, 1959 
8.12.1 Description 
The type species of Nummofallotia, Nonionina cretacea, was established by Schlumberger 
(1899), based on material from the Santonian of Tragó de Noguera, Spain. In 1959, Barrier 
and Neumann erected the new genus Nummofallotia (p. 228). The test of Nummofallotia is 
lenticular with a diameter of up to 0.3 mm and a maximum thickness of 0.1 mm (Luperto 
Sinni, 1968). The globular proloculus is followed by a short flexostyle. The five whorls are 
arranged planispirally. The septa are distinct oblique and backwards curved towards the 
periphery. 
 
 
a) 
 
b) 
 
c) 
Figure 8.45: a) - c) Nonionina cretacea Schlumberger; a) - c) Schlumberger, 1899 
 
8.12.2 Species 
Type species: Nonionina cretacea Schlumberger, 1899; p. 460; pl. 8, fig. 1; pl. 11, fig. 21, 22 
Synonyms: Nummofallotia Barrier and Neumann, 1959; p. 228 
 Meandropsina vidali Renz, 1936; pl. 33, fig. 3-6 
 ?Meandropsina n. sp. aff. Nonionina cretacea Renz, 1936; pl. 30, fig. 3; pl. 31, 
fig. 3; pl. 33, figs. 1, 2; txtfig. 5b 
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Species: N. apula Luperto Sinni, 1968; p. 97; pl. 1, fig. 1-6; pl. 2, figs. 1-6; pl. 3, figs. 1-
4, 6 
N. cretacea (Schlumberger, 1899) 
Nonionina cretacea Schlumberger, 1899; p. 460; pl. 8, fig. 1; pl. 11, figs. 21, 
22 
8.12.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
FRA (31) X X X X  
ESP (32) X X X X  
ITA (35) ? X  X  
GRC (36)    X  
TUR (38)   X   
IRN (56) X     
NLD (57) X X X X X 
CHE (58)    X  
HRV (62) ?  X X  
SVN (63) ? ? ? ?  
Figure 8.46: Stratigraphic range of the genus Nummofallotia in its reported localities 
 
The first stratigraphical record of Nummofallotia stem from the Cenomanian of Spain (32; 
Hottinger, 1966) and Iran (56; Sartorio and Venturini, 1988). From the Santonian it is known 
from West European localities (France, Spain, Italy, and the Netherlands). In the Campanian 
and in the Maastrichtian the genus is also known from localities situated more in eastern parts 
of Europe (Croatia, Greece, and Turkey). In the Maastrichtian Nummofallotia is reported from 
South India (44; Gowda, 1964). Hofker (1966) records the genus from the Paleocene of the 
Netherlands (57). It is not possible to localize the origination center of Nummofallotia as it 
occurs in the Cenomanian both in the East (Iran) and in the West (Spain) of the Tethys. 
8.12.4 Biology 
In France (31) Nummofallotia was found in association with Orbitoides (Santonian – 
Maastrichtian), Dictyopsella (Santonian – Maastrichtian), Subalveolina dordonica 
(Santonian), Siderolites (Santonian – Maastrichtian), and Cuneolina (Campanian). 
In Spain (32) Nummofallotia is associated with Dictyopsella (Santonian, Campanian), 
Orbitoides (Campanian), and Meandropsina vidali (Santonian). 
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Together with Cuneolina Nummofallotia appeared in Croatia (62; Campanian) as well as in 
Italy (35; Santonian – Maastrichtian). Further in the Maastrichtian of Italy Nummofallotia 
occurs together with Raadshoovenia salentina. 
In Turkey (38) Nummofallotia is associated in the Campanian with Helicorbitoides and 
Orbitoides. 
In the Maastrichtian of southern India (44) Nummofallotia occurs together with 
Lepidorbitoides, Orbitocyclina and Siderolites. 
Nummofallotia probably lived, like all meandropsinids, in regions of low water energy on soft 
substrate (Hottinger, 1983), in lagoons in the back-reef area (Gusic et al., 1998), on shallow 
marine carbonate ramps (Gischler et al., 1994), or on external platforms (Mavrikas et al., 
1994). Nummofallotia apula is reported from shallow subtidal sites on protected platforms 
(Gusic and Jelaska, 1990) in temperate-warm water (Luperto Sinni, 1968).  
8.12.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Nummofallotia occurs in the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
France (31): *Barrier and Neumann, 1959; Gendrot, 1965; Gendrot, 1968; Séronie-Vivien, 
1972; van Gorsel, 1973a; *Loeblich and Tappan, 1988 
Spain (32): Schlumberger, 1899; Hottinger, 1966; Hofker, 1967; *Azéma et al., 1979; Caus 
and Vicens, 1984; *Loeblich and Tappan, 1988 
Italy (35): Luperto Sinni, 1968; Luperto Sinni and Ricchetti, 1978; Ricchetti and Luperto 
Sinni, 1979; *Sartorio and Venturini, 1988 
Greece (36): Mavrikas et al., 1994 
Turkey (38): Sirel, 1995 
Netherlands (57): Hofker, 1966; Loeblich and Tappan, 1988 
Switzerland (58): Renz, 1936 
Slovenia (62): Gusic and Jelaska, 1990; Gusic et al., 1998 
Southern Europe: *Dilley, 1973 
Western Tethys: Fleury et al., 1985 
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Figure 8.47: Number of illustrated and not illustrated references in the localities of Nummofallotia 
 
 
Figure 8.48: Global distribution of Nummofallotia in the Late Cretaceous 
 
In the Late Cretaceous Nummofallotia is mainly distributed in Southern Europe. It occurs in 
the region between the Netherlands (57; Hofker, 1966; Loeblich and Tappan, 1988), Spain 
(32; Schlumberger, 1899; Hottinger, 1966; Hofker, 1967; Caus and Vicens, 1984; Loeblich 
and Tappan, 1988), Turkey (38; Sirel, 1995) and Greece (36; Mavrikas et al., 1994). This 
biogeographic pattern exhibits a superregional distribution. However, Nummofallotia is also 
reported from the Maastrichtian of Southern India (44; Gowda, 1964; McGowran, 1968), but 
these citations lack an illustration and require further confirmation. 
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8.12.6 Remarks 
Renz (1936) mentions Maastrichtian specimens from Switzerland (?Meandropsina n. sp. aff. 
Nonionina cretacea, pl. 33, figs. 1, 2; Meandropsina vidali, pl. 33, figs. 3, 5, 6; Meandropsina 
sp., pl. 30, fig. 3; pl. 31, fig. 3) to the genus Meandropsina. However, these specimens show 
oblique septa, which do not occur in Meandropsina but belong to Nummofallotia Barrier and 
Neumann. With this background Meandropsina sp. records from Spain (32), Portugal (39) 
and France (31) are also doubtful and may belong to Nummofallotia too. 
 
Results: Biogeographic Distribution – Orbitoides 
 87
8.13 Orbitoides 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family ORBITOIDIDAE Schwager, 1876 
Subfamily ORBITOIDINAE Schwager, 1876 
Genus ORBITOIDES d’Orbigny, 1848 
8.13.1 Description 
The genus Orbitoides was established by d’Orbigny (1848). The test of Orbitoides is 
lenticular with a circular outline, and can reach a diameter of up to 5 cm (Loeblich and 
Tappan, 1988). The test is biconvex, often with one side more elevated. The surface is 
ornamented with small knobs. The juvenarium consists of three or four chambers and is 
usually embraced by a thick wall. An equatorial layer is distinct. 
 
 
a) b) 
 
 
 
 
c) 
Figure 8.49: a), c) O. apiculata Schlumberger, b) O. apiculata browni (Ellis); a), c) Loeblich and Tappan, 1988, 
b) Ayala-Castanares, 1963 
 
8.13.2 Species 
Type species: Lycophris faujasii Defrance, 1823+ 
Synonyms: Orbitoides d’Orbigny, 1848+ 
Monolepidorbis sanctae-palagiae Astre, 1928+ 
Species: Monolepidorbis sanctae-palagiae Astre, 1928+ 
O. apiculata Schlumberger, 1901+ 
O. apiculatus Schlumberger+ 
O. brinkae Visser, 1951; p. 296; pl. 9, fig. 5; pl. 11, figs. 2, 5 
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O. browni (Ellis, 1932)+ 
O. compressa Marks+ 
O. dordoniensis Hofker, 1967 
O. faujasii (Defrance) + 
O. gensacicus (Leymerie) + 
O. gruenbachensis Papp, 1955 
O. jaegeri Papp and Küpper, 1953b+ 
O. hottingeri van Hinte, 1966 
O. media Papp 1956 
O. medius (d’Archiac) + 
O. megaloformis Papp and Küpper, 1953 
O. orientalis Rahaghi, 1976; pl. 4, figs. 1-16 
O. palmeri Gravell, 1930 
O. tissoti Schlumberger, 1903; p. 259; pl. 8, figs. 21-25 
O. vacuolaris (Astre) + 
O. villasensis Seiglie and Ayala-Castanares, 1963; p. 36; pl. 31, figs. 1, 2; pl. 
32, figs. 1-3; pl. 33, figs. 1-3; pl. 34, figs. 1-3 
8.13.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
CUB (1)   X X  
F-USA (2)   X X  
S-MEX (3)   X X X 
JAM (6)    X  
HTI (7)   X   
VEN (10)    X  
DZA (16)  X X X  
TUN (17)  X X   
LBY (18)   X X  
EGY (20)   X X  
SAU (22)    X  
OMN (23)   X X  
QAT (24)    X  
YEM (25)    X  
SOM (26)   X X  
SYR (28)    X  
BEL (30)    X X 
FRA (31)  X X X  
ESP (32)  X X X  
GER (33)   X   
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SI-ITA (34)   X X  
ITA (35)   X X X 
GRC (36)   X X  
YUG (37)   X X  
TUR (38)   X X ? 
ROM (41)   X X  
RUS (42)     X 
N-IND (45)    X  
PAK (46)   X X  
T-CHN (48)   X X  
PNG (51)  ? X X  
NE-MEX (52)   X   
IRN (56)   X X  
NLD (57)    X X 
CHE (58)   X X  
AUT (59)   X X  
MKD (60)    X  
HRV (62)  X X   
SVN (63)   ? X  
MEXu (68)  X X X  
ZYP (69)    X  
MMR (70)    X  
SVK (71)   X   
S-ITA (72)    X  
Figure 8.50: Stratigraphic range of the genus Orbitoides in its reported localities 
 
The first occurrences of Orbitoides are from the Santonian of Algeria (16), Tunisia (17), 
France (31), Spain (32), Croatia (62), and Mexico (68). To date it is not clear from which 
region this genus originated. 
8.13.4 Biology 
Orbitoides usually occurs together with specimens of the genera Omphalocyclus, Siderolites, 
Lepidorbitoides, and Sulcoperculina. In the Late Cretaceous Orbitoides is interpreted to have 
lived in “deeper environments” (Hohenegger, 1999) in the upper photic zone at depths of 
about 40-80 m (Hottinger, 1997). The environment is mostly interpreted as being open marine 
with some terrigenous input (Caus, 1988; Caus et al., 2002). The morphology (thick lenticular 
test, presence of lateral chambers) indicates a habitat in high energetic environments, which is 
supported by the presence of Siderolites. 
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8.13.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Orbitoides is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Cuba (1): Caudri, 1944; Brönnimann, 1954; Küpper, 1954a; Seiglie and Ayala-Castanares, 
1963; Ellis and Messina, 1967; de Castro, 1990; Neumann, 1993 
Florida (2): *Brönnimann, 1954; Küpper, 1954a; Brönnimann, 1957; Ellis and Messina, 
1967; Neumann, 1993; *Ismail and Boukhary, 2001 
S-Mexico (3): Ayala-Castanares, 1963; Butterlin, 1967; Myers, 1968; Pécheux, 1984; de 
Castro, 1990; Rosales Dominguez et al., 1994 
Jamaica (6): Gunter et al., 2002 
Haiti (7): Butterlin, 1967 
Venezuela (10): Renz, 1955; Ellis and Messina, 1967; Neumann, 1993 
Algeria (16): Ellis and Messina, 1967; de Castro, 1990; Neumann, 1993; Caus et al., 1996 
Tunisia (17): Ellis and Messina, 1967 
Libya (18): Ellis and Messina, 1967; de Castro, 1990 
Egypt (20): de Castro, 1990; Ismail and Boukhary, 2001 
Saudi Arabia (22): Meric et al., 2001 
Oman (23): Meric et al., 2001; Abdelghany, 2003 
Qatar (24): Fleury et al., 1990 
Yemen (25): Sartorio and Venturini, 1988; Fleury et al., 1990 
Somalia (26): Fleury et al., 1990; Neumann, 1993 
Syria (28): Ellis and Messina, 1967; Ismail and Boukhary, 2001 
Belgium (30): Hofker, 1966 
France (31): Grossouvre, 1904; Paquier, 1904; Renz, 1936; Visser, 1951; Papp and Küpper, 
1953a; Küpper, 1954b; Papp, 1954; Papp, 1956; Barrier and Neumann, 1959; Ellis and 
Messina, 1967; Neumann, 1972; Séronie-Vivien, 1972; van Gorsel, 1973a; Wannier, 1983; 
Drooger, 1984; Baumfalk and van Hinte, 1985; Loeblich and Tappan, 1988; de Castro, 
1990; Neumann, 1993; Caus et al., 1996; Meric et al., 1997; Ismail and Boukhary, 2001 
Spain (32): Renz, 1936; *Küpper, 1954b; Hottinger, 1966; Hofker, 1967; Neumann, 1972; 
Azéma et al., 1979; Caus and Cornella, 1983; Wannier, 1983; Caus and Vicens, 1984; Caus, 
1988; Loeblich and Tappan, 1988; de Castro, 1990; Neumann, 1993; Gischler et al., 1994; 
Caus et al., 1996 
Germany (33): Hagn, 1971 
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Sicily (34): Ellis and Messina, 1967; Sartorio and Venturini, 1988; de Castro, 1990; *Ismail 
and Boukhary, 2001 
Italy (35): Renz, 1936; Ellis and Messina, 1967; Luperto Sinni and Ricchetti, 1978; Sartorio 
and Venturini, 1988; de Castro, 1990; *Fleury et al., 1990; *Ismail and Boukhary, 2001 
Greece (36): Arni, 1933; Renz, 1936; Visser, 1951; Butterlin, 1967; Ellis and Messina, 1967; 
Richter, 1974; Richter and Mariolakos, 1976; *Fleury, 1977; Zambetakis-Lekkas, 1988; de 
Castro, 1990; Fleury et al., 1990; Mavrikas et al., 1994; *Ismail and Boukhary, 2001 
Yugoslavia (37): de Castro, 1990 
Turkey (38): Neumann, 1972; de Castro, 1990; Sirel, 1991; Neumann, 1993; Özcan, 1993; 
Sirel, 1995; Caus et al., 1996; Inan, 1996a; Inan, 1996b; Sirel, 1996; Meric et al., 1997; 
Özcan and Özkan-Altiner, 1997; Görmüs, 1999; Özcan and Özkan-Altiner, 1999a; Özcan 
and Özkan-Altiner, 1999b; Özkan-Altiner and Özcan, 1999; Meric and Görmüs, 2001; 
Meric et al., 2001 
Romania (41): Bratu, 1975; Ion, 1975; de Castro, 1990 
N-India (45): Nagappa, 1959 
Pakistan (46): Nagappa, 1959; Ellis and Messina, 1967; McGowran, 1968; Kureshy, 1977; 
Kureshy, 1980; Neumann, 1993; Weiss, 1993; Ismail and Boukhary, 2001 
Tibet (48): Nagappa, 1959; Ellis and Messina, 1967; Mu et al., 1973; Ho et al., 1976; Sun 
and Zhang, 1983; Fleury et al., 1985; Wen, 1987; Willems et al., 1996; Ismail and 
Boukhary, 2001 
Papua New Guinea (51): Ellis and Messina, 1967; McGowran, 1968; Fleury et al., 1985; 
Neumann, 1993 
NE-Mexico (52): Caus et al., 2002 
Iran (56): *Cox, 1937; Rahaghi, 1976; de Castro, 1990; Meric and Coruh, 1991; Meric et al., 
2001 
Netherlands (57): Renz, 1936; Visser, 1951; Papp, 1954; Hofker, 1966; Ellis and Messina, 
1967; Loeblich and Tappan, 1988; de Castro, 1990; Neumann, 1993; *Caus et al., 1996; 
Ferràndez-Canadell, 2000; Ismail and Boukhary, 2001 
Switzerland (58): Renz, 1936; Visser, 1951; Ellis and Messina, 1967; Wannier, 1983; de 
Castro, 1990; Bignot and Neumann, 1997  
Austria (59): Visser, 1951; Papp and Küpper, 1953a; Papp and Küpper, 1953b; Papp, 1954; 
Papp, 1955b; Papp, 1955c; Papp, 1956; de Castro, 1990; Neumann, 1993; *Caus et al., 
1996;  Bignot and Neumann, 1997 
Macedonia (60): Butterlin, 1967 
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Croatia (62): Gusic et al., 1988; Gusic and Jelaska, 1990 
Slovenia (63): Bignot, 1972; de Castro, 1990 
Philippines (65): *Hashimoto et al., 1978a 
Mexico undifferentiated (68): Butterlin, 1981 
Cyprus (69): Renz, 1936 
Birma (70): Fleury et al., 1985 
Slovakia (71): Neumann, 1993 
Sardinia (72): Busulini et al., 1984 
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Figure 8.51a: Number of illustrated and not illustrated references in the localities of Orbitoides 
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Figure 8.51b: Number of illustrated and not illustrated references in the localities of Orbitoides 
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Figure 8.51c: Number of illustrated and not illustrated references in the localities of Orbitoides 
 
For reasons of clarity the following locations were plotted together in figure 8.52: Belgium 
(30) and the Netherlands (57) in locality 80; Germany (33), Switzerland (58) and Austria (59) 
in locality 82; Greece (36) and Macedonia (60) in locality 83; Yugoslavia (37), Croatia (62), 
and Slovenia (63) in locality 84. 
 
 
Figure 8.52: Global distribution of Orbitoides in the Late Cretaceous 
 
The biogeographic distribution of the genus Orbitoides is circumtropical. It is widely present 
in the Caribbean realm between North America and Venezuela, as well as in the entire 
Tethyan region all the way to India and to the Philippines. The genus Orbitoides displays 
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some of the widest latitudinal and longitudinal extensions among the larger Upper Cretaceous 
foraminifera. The particularly wide distribution over the circumtropical warm water belt of 
the Cretaceous ocean is comparable to the distribution of modern amphisteginids (Langer and 
Hottinger, 2000) and is thus a particularly valuable tracer indicative of circumglobal warm-
water surface currents and the heat transfer towards higher latitudes. 
8.13.6 Remarks 
Caus and Cornella (1983) report Orbitoides douvillei from the Campanian of Spain, which 
Loeblich and Tappan (1988) designated as the type species of Schlumbergeria Silvestri, 
which again is a synonym of Orbitoides Loeblich and Tappan (1988). 
Grossouvre (1904) reports Orbitoides socialis from the Cretaceous of France and Orbitoides 
minor from the Cretaceous of the Netherlands. The former is the type species of 
Lepidorbitoides, whereas the latter is a synonym of Lepidorbitoides. As for both species no 
illustration is given, the records are not considered here. 
Further Grossouvre (1904) mentions Orbitoides mamillata from the Cretaceous of France, 
which is the type species of Clypeorbis. Again, it lacks an illustration, so that the record 
remains doubtful. 
Meric and Coruh (1991) interpret the specimens of Orbitoides concavatus Rahaghi from the 
Campanian of Iran (Rahaghi, 1976; pl. 4, figs. 11-25) as a primitive type of Omphalocyclus 
and establish the new genus Praeomphalocyclus concavatus (Rahaghi) for these specimens. 
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8.14 Omphalocyclus 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family ORBITOIDIDAE Schwager, 1876 
Subfamily OMPHALOCYCLINAE Vaughan, 1928 
Genus OMPHALOCYCLUS Bronn, 1853 
8.14.1 Description 
Bronn defined the genus Omphalocyclus in the year 1853 (in Bronn and Roemer, 1853). The 
type location is not known but the Stratigraphic age for the type material is most probably 
Maastrichtian. The test of Omphalocyclus is discoidal and biconcave. It resembles modern 
representatives of the Sorites or Marginopora. The dimension is species-specific with a 
diameter of 1.2-7.0 mm and a thickness of 0.24-0.98 mm. The exterior of the test is structured 
by numerous distinct large openings. The juvenarium consists of 2-4 chambers. The 
alternating equatorial chambers become subrectangular and increase in height towards the 
periphery. A third layer of equatorial chambers is inserted.  
 
 
c) 
 
a) 
 
b) 
 
d) 
Figure 8.53: a), c) Omphalocyclus sp., b), d) O. macroporus (Lamarck); a), c) Goldbeck, b) Abramovich et al., 
2002 , d) Butterlin, 1981 
 
8.14.2 Species 
Type species: Orbulites macropora Lamarck, 1816+ 
Synonyms: Omphalocyclus Bronn, in Bronn and Roemer, 1853 
Species: O. macropora (Lamarck, 1816) 
O. macroporus (Lamarck, 1816) 
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O. maldonensis Gunter et al., 2002; p. 150; pl. 1, figs. 1-6 
O. disculus (Leymerie, 1851) 
O. schlumbergeri (Silvestri, 1907) 
8.14.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
CUB (1)    X X 
JAM (6)    X  
VEN (10)    X  
DZA (16)    X  
TUN (17)    X  
LBY (18)    X  
EGY (20)   X   
SAU (22)    X  
OMN (23)   X X  
YEM (25) ? ? ? ?  
SOM (26) ? ? ? ?  
IRQ (27)    X  
SYR (28)    X  
MDG (29)   X   
BEL (30)    X  
FRA (31)    X  
ESP (32)    X  
GER (33)    X  
ITA (35)    X  
GRC (36)    X  
TUR (38)   X X  
ROM (41)    X  
N-IND (45)    X  
PAK (46)   X X  
T-CHN (48)   X X  
IRN (56)    X  
NLD (57)    X X 
CHE (58)    X  
AUT (59)    X  
HRV (62)    X  
SVN (63)    X  
PHL (65)    X X 
ZYP (69)  ? ? ?  
SVK (71)    X  
Figure 8.54: Stratigraphic range of the genus Omphalocyclus in its reported localities 
 
The main stratigraphic distribution of Omphalocyclus is in the Maastrichtian, where it is 
reported from the Caribbean, Africa, Europe and Asia. There are also some Campanian 
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records from the eastern part of the Tethys (Tibet, Pakistan, Turkey, Madagascar, Oman and 
Egypt). In the Paleogene Omphalocyclus is described from Cuba (1; Ellis and Messina, 1967), 
the Netherlands (57; Hofker, 1966) and the Philippines (65; Hashimoto et al., 1978a). From 
Qatar (24; Fleury et al., 1990), Yemen (25; Fleury et al., 1990), and Somalia (26; Fleury et al., 
1990) no stratigraphic age is given, while the record from Cyprus (69; Renz, 1936) is given 
with a Late Cretaceous age. The origination center of Omphalocyclus cannot be identified as 
it occurs at the same time in African, European and Asian locations. 
8.14.4 Biology 
Individuals of Omphalocyclus were found in association with Clypeorbis, Cuneolina, 
Dictyopsella, Hellenocyclina, Laffitteina, Lepidorbitoides, Loftusia, Orbitoides, 
Pseudorbitoides, Siderolites, Sirtina, Sulcoperculina, and Vaughanina.  
The lithology from which individuals of Omphalocyclus were collected reflects a shallow 
warm water environment. The depth is given between 40 and 80 m in the upper photic zone 
(Hottinger, 1997) and also down to 100 fathoms (= 182.88 m; Visser, 1951). Most authors 
place Omphalocyclus in a sheltered shelf area (Nagappa, 1959; Gaetani et al., 1980; Caus, 
1988), which can be either in a reefal facies (Dilley, 1971; Al-Omari and Sadek, 1976) or in a 
depressed area with poorly oxygenated conditions (Gaetani et al., 1980). The discoidal shape 
of Omphalocyclus resembles modern epiphytes like Sorites or Marginopora, so that a 
preferred epiphytic habitat on seagrass leaves or algal thalli is more likely (Langer, 1993). 
8.14.5 Biogeographic distribution and Faunal Province 
In the uppermost Cretaceous individuals of the genus Omphalocyclus are reported from the 
following localities (*Senonian/Late Cretaceous records, illustrated records, not illustrated 
records): 
Cuba (1): Caudri, 1944; Brönnimann, 1954; *Küpper, 1954b; *Renz, 1955; Hanzawa, 1962; 
Seiglie and Ayala-Castanares, 1963; Loeblich and Tappan, 1988; Ismail and Boukhary, 
2001 
Chiapas (3): Butterlin, 1981 
Jamaica (6): Gunter et al., 2002 
Venezuela (10): Renz, 1955 
Algeria (16): Ellis and Messina, 1967; Ismail and Boukhary, 2001 
Tunisia (17): *Renz, 1936; Loeblich and Tappan, 1988 
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Libya (18): Ellis and Messina, 1967; *LeBlanc, 2000; *Ismail and Boukhary, 2001 
Egypt (20): Ismail and Boukhary, 2001 
Saudi Arabia (22): Meric et al., 2001 
Oman (23): Cox, 1937; Al-Omari and Sadek, 1976; Meric et al., 2001; Abdelghany, 2003 
Qatar (24): Fleury et al., 1990 
Yemen (25): Fleury et al., 1990 
Somalia (26): Fleury et al., 1990 
Iraq (27): Al-Omari and Sadek, 1976; Fleury et al., 1990 
Syria (28): Loeblich and Tappan, 1988; Fleury et al., 1990 
Madagascar (29): Abramovich et al., 2002 
Belgium (30): Hofker, 1966 
France (31): *Grossouvre, 1904; *Renz, 1936; *Küpper, 1954b; Papp, 1954; Ellis and 
Messina, 1967; Loeblich and Tappan, 1988; Caus et al., 1996 
Spain (32): Hottinger, 1966; Azéma et al., 1979; Caus and Cornella, 1983; Caus, 1988; 
Neumann, 1993; Caus et al., 1996 
Germany (33): Hagn, 1971 
Italy (35): *Renz, 1936; *Visser, 1951; Loeblich and Tappan, 1988 
Greece (36): *Renz, 1936; Visser, 1951; Butterlin, 1967; Hamaoui and Fourcade, 1973; 
Kalkreuth et al., 1976; Fleury, 1977; Loeblich and Tappan, 1988; Fleury et al., 1990 
Yugoslavia (37): Fleury et al., 1990 
Turkey (38): Meric, 1967; Loeblich and Tappan, 1988; Fleury et al., 1990; Sirel, 1991; 
Özcan, 1993; Inan, 1996a; Inan, 1996b; Inan et al., 1996; Sirel, 1996; *Meric et al., 1997; 
Özcan and Özkan-Altiner, 1997; Özcan and Özkan-Altiner, 1999b; Özkan-Altiner and 
Özcan, 1999; Meric and Görmüs, 2001; Meric et al., 2001 
Romania (41): *Renz, 1936; Hamaoui and Fourcade, 1973; Ion, 1975; Loeblich and Tappan, 
1988 
N-India (45): Gaetani et al., 1980 
Pakistan (46): *Renz, 1936; Nagappa, 1959; McGowran, 1968; Kureshy, 1977; Kureshy, 
1980; Weiss, 1993; Ismail and Boukhary, 2001 
Tibet (48): *Renz, 1936; Nagappa, 1959; Ellis and Messina, 1967; Mu et al., 1973; Ho et al., 
1976; Sun and Zhang, 1983; Wen, 1987; Loeblich and Tappan, 1988; Willems et al., 1996; 
Ismail and Boukhary, 2001 
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Iran (56): Douvillé, 1904; *Renz, 1936; Cox, 1937; Al-Omari and Sadek, 1976; Kalantari, 
1976; Hottinger, 1981; Loeblich and Tappan, 1988; Sartorio and Venturini, 1988; Fleury et 
al., 1990; Meric et al., 2001 
Netherlands (57): Grossouvre, 1904; *Renz, 1936; Visser, 1951; Papp, 1954; Renz, 1955; 
Hofker, 1966; Ellis and Messina, 1967; Loeblich and Tappan, 1988; Ismail and Boukhary, 
2001 
Switzerland (58): Renz, 1936; Visser, 1951; Ellis and Messina, 1967; Loeblich and Tappan, 
1988; Ismail and Boukhary, 2001 
Austria (59): Papp, 1954 
Croatia (62): Bignot, 1972 
Slovenia (63): Bignot, 1972; Fleury et al., 1990 
Philippines (65): *Hashimoto et al., 1978a; *Hashimoto et al., 1978b; Hashimoto and 
Matsumaru, 1981; *Hashimoto, 1982; Hashimoto and Matsumaru, 1984 
Cyprus (69): *Renz, 1936 
Slovakia (71): Neumann, 1993 
Mexico: Butterlin, 1981 
Caribbean: Butterlin, 1981; Caus and Hottinger, 1986 
Tethys: Caus and Hottinger, 1986 
Middle East: Dilley, 1973; Caus and Hottinger, 1986 
Pyrenees: Caus et al., 1996 
America: Dilley, 1973 
Europe: Dilley, 1973 
N Africa: Dilley, 1973 
S USSR: Dilley, 1973 
India: Renz, 1936; Dilley, 1973; Loeblich and Tappan, 1988 
Adriatic Sea: Sartorio and Venturini, 1988 
 
Results: Biogeographic Distribution – Omphalocyclus 
 100
0
5
10
15
20
25
1 3 6 10 16 17 18 20 22 23 24 25 26 27 28 29 30 31 32
Localities
R
ef
er
en
ce
s
illustrated not illustrated
 
Figure 8.55a: Number of illustrated and not illustrated references in the localities of Omphalocyclus 
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Figure 8.55b: Number of illustrated and not illustrated references in the localities of Omphalocyclus 
 
For reasons of clarity (Fig 8.56) the following locations were plotted together: Belgium (30) 
and the Netherlands (57) as location 80; Germany (33), Switzerland (58) and Austria (59) as 
location 82; Yugoslavia (37), Croatia (62) and Slovenia (63) as location 84. 
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Figure 8.56: Global distribution of Omphalocyclus in the Late Cretaceous 
 
Omphalocyclus shows a global circumtropical distribution. It occurs in all faunal provinces, 
with highest densities in the European and African Tethys. The southernmost occurrence is 
reported from Madagascar (29; Abramovich et al., 2002), the northernmost from the 
Netherlands (57; Grossouvre, 1904; Renz, 1936; Visser, 1951; Papp, 1954; Renz, 1955; 
Hofker, 1966; Ellis and Messina, 1967; Loeblich and Tappan, 1988; Ismail and Boukhary, 
2001) and Belgium (30; Hofker, 1966). In the Caribbean region Omphalocyclus occurs only 
in Cuba (1; Caudri, 1944; Brönnimann, 1954; Küpper, 1954; Renz, 1955; Hanzawa, 1962; 
Seiglie and Ayala-Castanares, 1963; Loeblich and Tappan, 1988; Ismail and Boukhary, 
2001), Jamaica (6; Gunter et al., 2002), and Venezuela (10; Renz, 1955). From the Asian 
Faunal Province Omphalocyclus is reported from Northern India (45; Gaetani et al., 1980), 
Pakistan (46; Renz, 1936; Nagappa, 1959; McGowran, 1968; Kureshy, 1977, 1980; Weiss, 
1993; Ismail and Boukhary, 2001), Tibet (48; Renz, 1936; Nagappa, 1959; Ellis and Messina, 
1967; Mu et al., 1973; Ho et al., 1976; Sun and Zhang, 1983; Wen, 1987; Loeblich and 
Tappan, 1988; Willems et al., 1996; Ismail and Boukhary, 2001) and the Philippines (65; 
Hashimoto et al., 1978a, 1978b; Hashimoto and Matsumaru, 1981; Hashimoto, 1982; 
Hashimoto and Matsumaru, 1984). 
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8.14.6 Remarks 
Loeblich and Tappan (1988) misquote Hottinger (1981) when they report Omphalocyclus 
macroporus (Lamarck) from the Holocene of Iran, which is actually of Maastrichtian age. 
Meric and Coruh (1991) interpret the specimens of Orbitoides concavatus Rahaghi from the 
Campanian of Iran (Rahaghi, 1976; pl. 4, figs. 11-25) as a primitive type of Omphalocyclus 
and establish the new genus Praeomphalocyclus concavatus (Rahaghi) for these specimens. 
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8.15 Clypeorbis 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family LEPIDORBITOIDIDAE Vaughan, 1933 
Subfamily CLYPEORBINAE Sigal, 1952 
Genus CLYPEORBIS Douvillé, 1915 
8.15.1 Description 
In 1915, Douvillé established the subgenus Clypeorbis, which was previously regarded to be a 
member of the genus Orbitoides (Orbitoides mamillata Schlumberger, 1903) and was 
documented from Cretaceous deposits of Gensac (S France). Later Douvillé (1920) raised 
Clypeorbis from the level of a subgenus to the level of a genus. 
The perforate test of Clypeorbis is subtriangular in lateral view and circular in outline. The 
dimension of the diameter varies between 2 and 8 mm (Loeblich and Tappan, 1988). The test 
is divided by an equatorial layer, which is bend towards the apex. The equatorial chambers 
become hexagonal towards the periphery. On both sides of the equatorial layer pillars cross 
the lateral chambers. On the more elevated side, a thick umbilical pillar extends from the 
juvenarium in the equatorial chamber to the apex. 
 
 
a) 
 
b) 
 
 
c) 
Figure 8.57: a) - c) C. mammilatus (Schlumberger) a) - c) Loeblich and Tappan, 1988 
 
8.15.2 Species 
Type species:  Orbitoides mammillatus Schlumberger, 1903 (as mamillata); p. 259; pl. 8, figs. 
17-20 
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Synonyms: Orbitoides (Clypeorbis) 1915; p. 669; figs. 18-20 
Clypeorbis Douvillé, 1920+ 
Species: C. mammillatus (Schlumberger, 1903) (Orbitoides mamillata Schlumberger, 
1903; p. 259; pl. 8, figs. 17-20) 
C. mamillata (Schlumberger, 1903) 
8.15.3 Age 
 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
FRA (31)    X  
ESP (32)    X  
GRC (36)    X  
TUR (38)    X  
SVN (63)    X  
Sa-ITA (72)    X  
Figure 8.58: Stratigraphic range of the genus Clypeorbis in its reported localities 
 
Clypeorbis seem to be restricted to the Maastrichtian. 
8.15.4 Biology 
Clypeorbis mostly occurs in association with Orbitoides, Siderolites, Omphalocyclus, Sirtina, 
Lepidorbitoides, and Hellenocyclina. The distribution of Clypeorbis in various types of 
sedimentary environments points to a wide range of ecological preferences for this genus. The 
association with Orbitoides and Lepidorbitoides shows a great range in depth preferences, as 
Orbitoides usually occurs in shallower regions than Lepidorbitoides. Clypeorbis however, is 
also associated with Siderolites and Omphalocyclus. Siderolites usually occurs in 
environments of high water energy while Omphalocyclus is restricted to sheltered shelf areas. 
Overall, this points to a distinct adaptational flexibility. 
8.15.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Clypeorbis is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
France (31): *Schlumberger, 1903; Hanzawa, 1962; Loeblich and Tappan, 1988; Meertens 
and Drooger, 1988; Hottinger and Caus, in press 
Spain (32): Caus, 1988; Loeblich and Tappan, 1988; Hottinger and Caus, in press 
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Greece (36): Mavrikas et al., 1994 
Turkey (38): Meric and Coruh, 1991; Özcan and Özkan-Altiner, 1999b; Özkan-Altiner and 
Özcan, 1999 
Slovenia (63): Bignot, 1972 
Sardinia (72): Busulini et al., 1984 
Tethys: Caus and Hottinger, 1986 
Pyrenees: Neumann, 1993 
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Figure 8.59: Number of illustrated and not illustrated references in the localities of Clypeorbis 
 
 
Figure 8.60: Global distribution of Clypeorbis in the Late Cretaceous 
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Clypeorbis shows a superregional distribution in the European Faunal Province. It occurs in 
the western part (France, Spain) as well as in the eastern part of Europe (Slovenia, Greece and 
Turkey). The stratigraphically first occurrence in the Campanian of Spain (Caus, 1988) might 
be a hint to an origination center in the Pyrenean basin with a subsequent distribution to the 
east. 
8.15.6 Remarks 
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8.16 Sirtina 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family LEPIDORBITOIDIDAE Vaughan, 1933 
Subfamily CLYPEORBINAE Sigal, 1952 
Genus SIRTINA Brönnimann and Wirz, 1962 
8.16.1 Description 
Sirtina was first described by Brönnimann and Wirz (1962) based on material from the Early 
Maastrichtian of the Pan American International Oil Company’s well A-1, in the Persian 
Gulf, Iran. The test of Sirtina is lenticular. The diameter is up to 2 mm (Loeblich and Tappan, 
1988), the thickness is 0.2-0.65 mm (Brönnimann and Wirz, 1962). In the juvenarium the 
chambers are arranged trochospirally, later nearly planispiral involute. The test consists of 
three to five whorls with broad low chambers. In the last whorl 12-28 chambers are present. 
The septa are perpendicular to the periphery, forming nearly rectangular chambers. On the 
ventral side of the test thick pillars protrude from the juvenarium towards the periphery and 
appear as thick knobs on the surface of the test. On the dorsal side lateral chambers are 
intercalated by pillars. There is no equatorial layer present. 
 
 
a) b) c) 
 
d) 
Figure 8.61: a), b), d) S. granulata (Rahaghi), c) S. orbitoidiformis Brönnimann and Wirz; a), b), d) van Gorsel, 
1974, c) Bignot and Neumann, 1997 
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8.16.2 Species 
Type species: Sirtina orbitoidiformis Brönnimann and Wirz, 1962; p. 520; figs. 2-6 
Synonyms: Sirtina Brönnimann and Wirz, 1962; p. 520 
Neumannites granulata Rahaghi 1976, pl. 2(12-22) 
Iranites ornatus Rahaghi, 1976, pl. 3, figs. 1-10 
Species: S. orbitoidiformis Brönnimann and Wirz, 1962; p. 520; figs. 2-6 
 S. granulata (Rahaghi, 1976) (Neumannites granulata Rahaghi, 1976; pl. 2, 
figs. 12-22) 
8.16.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
LBY (18)  X X X  
MDG (29)    X  
BEL (30)   X   
FRA (31)  X X X  
ESP (32)  X X X  
GRC (36)    X  
TUR (38)   X X  
IRN (56)  X X X  
AUT (59)   X   
Figure 8.62: Stratigraphic range of the genus Sirtina in its reported localities 
 
In the Santonian Sirtina is reported from Libya (18; Loeblich and Tappan, 1988), France (31; 
Loeblich and Tappan, 1988), Spain (32; Caus, 1988) and Iran (56; Loeblich and Tappan, 
1988). As these localities are widely dislodged, it might be possible that there are also forms 
of pre-Santonian age, which are not yet recorded. In the Campanian the genus occurs beyond 
these localities in Belgium (30; Bignot and Neumann, 1997), Austria (59; Caus et al., 1996) 
and Turkey (38; Özcan, 1993). Maastrichtian records of Sirtina are reported from Libya (18; 
Loeblich and Tappan, 1988), Madagascar (29; Abramovich et al., 2002), France (31; Loeblich 
and Tappan, 1988), Spain (32; Caus, 1988), Greece (36; Mavrikas et al., 1994), Turkey (38; 
Sirel, 1991; Özcan, 1993; Inan, 1996a; Sirel, 1996; Özcan and Özkan-Altiner, 1999b; 
Hottinger and Caus, in press) and Iran (56; Loeblich and Tappan, 1988). The place of origin 
of Sirtina cannot be identified to date, as there are Santonian records from the eastern and the 
western side of the Tethys. 
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8.16.4 Biology 
In the western part of the Tethys Sirtina is associated with Dictyopsella (Belgium; 
Campanian), Orbitoides and Lepidorbitoides (Austria; Late Campanian). 
In the eastern part of the Tethys the associated larger foraminifera are Siderolites, 
Pseudedomia, Orbitoides, Lepidorbitoides, Hellenocyclina (Greece; Maastrichtian) as well as 
Cuneolina, Clypeorbis, Hellenocyclina, Laffitteina, Lepidorbitoides, Loftusia, Orbitoides, 
Omphalocyclus, and Siderolites (Turkey; Maastrichtian). 
The preferred habitat of Sirtina depends on the location. In Spain, Sirtina seems to have lived 
on a carbonate platform in the deeper protected shelf (40-60 m), in reefs, shoals and bars as 
well as on the open marine shelf (Caus, 1988). From Greece it is reported from limestones 
together with large rudists (Mavrikas et al., 1994). Brönnimann and Wirz (1962) report 
Sirtina from the inner, probably littoral shelf and from the middle to outer shelf of Libya. 
From Iran they report it from the middle to outer shelf. 
The environment in Turkey is interpreted as a shallow water habitat (Sirel, 1996; Özcan and 
Özkan-Altiner, 1997), in a back reef (Inan, 1996a), or a location where the deep marine 
grades into a turbiditic zone (Özcan and Özkan-Altiner, 1997). 
Hottinger (1997) places the preferred habitat of Sirtina in the lower photic zone between 80 m 
and 120-140 m depth. 
8.16.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Sirtina is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Libya (18): Brönnimann and Wirz, 1962; Loeblich and Tappan, 1988 
Madagascar (29): Abramovich et al., 2002 
Belgium (30): Bignot and Neumann, 1997 
France (31): Loeblich and Tappan, 1988; Bignot and Neumann, 1997; Hottinger and Caus, in 
press 
Spain (32): Caus, 1988 
Greece (36): Mavrikas et al., 1994 
Turkey (38): Meric and Coruh, 1991; Sirel, 1991; Özcan, 1993; Inan, 1996a; Inan, 1996b; 
Sirel, 1996; Özcan and Özkan-Altiner, 1997; Özcan and Özkan-Altiner, 1999b; Hottinger 
and Caus, in press 
Iran (56): Brönnimann and Wirz, 1962; Rahaghi, 1976; Loeblich and Tappan, 1988 
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Austria (59): Caus et al., 1996 
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Figure 8.63: Number of illustrated and not illustrated references in the localities of Sirtina 
 
 
Figure 8.64: Global distribution of Sirtina in the Late Cretaceous 
 
In the Late Cretaceous Sirtina shows a superregional distribution. It occurs both in the 
European and in the African parts of the Tethys. These occurences seem to be divided in a 
western region in the area of Belgium (30), France (31), Spain (32) and Austria (59) and an 
eastern region, which comprises Greece (36), Turkey (38), Iran (56) and Libya (18). Further 
there is a record from Madagascar in the Indian Ocean (29). 
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8.16.6 Remarks 
Rahaghi (1976) reports Neumannites granulata n. sp. and Iranites ornatus n. sp. from the Late 
Cretaceous (Campanian-Maastrichtian) of Iran and Libya. Both species show distinct features 
of Sirtina. Loeblich and Tappan (1988) included these species in the genus Sirtina. Iranites 
ornatus is now considered to be a Sirtina orbitoidiformis. 
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8.17 Helicorbitoides 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family LEPIDORBITOIDIDAE Vaughan, 1933 
Subfamily LEPIDORBITOIDINAE Vaughan, 1933 
Genus HELICORBITOIDES MacGillavry, 1963 
8.17.1 Description 
In 1953, Papp and Küpper discovered the new species Pseudorbitoides longispiralis in 
Campanian material of Silberegg, Austria. Due to the morphological differences between 
Caribbean and European specimens MacGillavry (1963) established the new genus 
Helicorbitoides. The test of Helicorbitoides is lenticular with a nearly circular outline. The 
dimensions are species-specific. The diameter ranges between 2 mm and 4.5 mm, the 
thickness varies between 1 mm and 2 mm (van Gorsel, 1973b). The chambers are arranged in 
a spiral, which widens after the first whorl. The chambers are strongly arcuated. The surface 
is covered with pustules, which result from pillars extending from the juvenile part to the 
surface.  
 
 
a) b) 
 
 
 
 
 
c) 
Figure 8.65: a) - c) H. voigti van Gorsel; a) - c) van Gorsel, 1973b 
 
8.17.2 Species 
Type species: Pseudorbitoides longispiralis Papp and Küpper, 1953c; p. 352; pl. 2, fig. 3 
Synonyms: Helicorbitoides MacGillavry, 1963+ 
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Species: H. boluensis Sirel, 1995; p. 87; pl. 1, figs. 1-11; pl. 2, figs. 1-11 
H. longispiralis (Papp and Küpper, 1953c) (Pseudorbitoides longispiralis Papp 
and Küpper, 1953c; p. 352; pl. 2, fig. 3) 
H. voigti van Gorsel, 1973b, p. 276; pl. 1, figs. 2-4; pl. 2, figs. 1-3; pl. 3, figs. 
2-6 
Pseudorbitoides longispiralis Papp and Küpper, 1953c, p. 352; pl. 2, fig. 3 
8.17.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
FRA (31)   X   
TUR (38)   X   
SWE (40)   X   
CHE (58)   X   
AUT (59)   X X  
Figure 8.66: Stratigraphic range of the genus Helicorbitoides in its reported localities 
 
The main distribution of Helicorbitoides is in the Campanian of France (31; van Gorsel, 
1973b), Turkey (38; Sirel, 1995) Sweden (40; van Gorsel, 1973b; Loeblich and Tappan, 1988; 
Sirel, 1995; Bignot and Neumann, 1997), Switzerland (58; Loeblich and Tappan, 1988) and 
Austria (59; Wannier, 1983; Loeblich and Tappan, 1988). The only record of Pseudorbitoides 
longispiralis of Maastrichtian age stems from Austria (59; Papp and Küpper, 1953b; Papp, 
1954; Brönnimann, 1955; Papp, 1955a, 1955b; Loeblich and Tappan, 1988; Neumann, 1993; 
Sirel, 1995). Helicorbitoides occur in several European locations at the same time so that the 
origination site is not clear. 
8.17.4 Biology 
Helicorbitoides was found in association with specimens of Siderolites and Orbitoides and 
also with Orbitoides and Nummofallotia. This indicates both a high energetic environment 
with hard substrate (Siderolites) and a low energetic environment with soft substrate 
(Nummofallotia). 
8.17.5 Biogeographic Distribution and Faunal Province 
In the Late Cretaceous Helicorbitoides is reported from the following locations 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
France (31): van Gorsel, 1973b 
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Turkey (38): Sirel, 1995 
Sweden (40): van Gorsel, 1973b; Loeblich and Tappan, 1988; Sirel, 1995; Bignot and 
Neumann, 1997 
Switzerland (58): Wannier, 1983; Loeblich and Tappan, 1988 
Austria (59): Papp and Küpper, 1953b; Papp, 1954; Brönnimann, 1955; Papp, 1955a; Papp, 
1955b; Loeblich and Tappan, 1988; Neumann, 1993; Sirel, 1995 
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Figure 8.67: Number of illustrated and not illustrated references in the localities of Helicorbitoides 
 
For reasons of clarity the locations Switzerland (58) and Austria (59) are plotted together in 
location 82 in figure 8.68. 
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Figure 8.68: Global distribution of Helicorbitoides in the Late Cretaceous 
 
In the Late Cretaceous Helicorbitoides only occurs with a superregional distribution in the 
European Tethys. In the western part it is mentioned from Sweden (40), France (31), 
Switzerland (58), and Austria (59). Further records in the eastern part of the Tethys include 
Turkey (38). 
8.17.6 Remarks 
The phylogenetic relations of Helicorbitoides are discussed in detail by MacGillavry (1963) 
and van Gorsel (1973b). 
Bignot and Neumann (1997) report Helicorbitoides longispina (Papp and Küpper, 1953) from 
Stafersvad, Sweden, but it seems to be a misquotation and that it should be Helicorbitoides 
longispiralis (Papp and Küpper, 1953). 
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8.18 Hellenocyclina 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family LEPIDORBITOIDIDAE Vaughan, 1933 
Subfamily LEPIDORBITOIDINAE Vaughan, 1933 
Genus HELLENOCYCLINA Reichel, 1949 
8.18.1 Description 
Reichel defined the genus Hellenocyclina in the year 1949 based on material from Greece. 
The perforate test of Hellenocyclina is lenticular with an irregular lobate outline. The 
diameter lies between 0.5 and 0.15 mm (Dupeuble et al., 1972). In horizontal section the 
bilocular embryo is visible. The nepionic stage consists of two spirals that depend on two 
apertures in the chambers. The following equatorial chambers are arched. In axial section the 
test is divided by an equatorial layer, but no lateral chambers are visible. 
 
 
a) 
 
 
b) 
 
 
 
 
 
 
 
c) 
Figure 8.69: a) - c) H. beotica Reichel; a), b) Dupeuble et al., 1972, c) Loeblich and Tappan, 1988 
 
8.18.2 Species 
Type species: Hellenocyclina beotica Reichel, 1949+  
Synonyms: Hellenocyclina Reichel, 1949+ 
Species: H. beotica Reichel, 1949+ 
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8.18.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
MAR (15)   X X  
FRA (31)   X X  
ESP (32)    X  
GRC (36)    X  
YUG (37)    X  
TUR (38)    X  
IRN (56)    X  
NLD (57)    X  
CHE (58)    X  
Tethys  X X   
Figure 8.70: Stratigraphic range of the genus Hellenocyclina in its reported localities 
 
The first occurrence of Hellenocyclina is in the Santonian, where it is reported from the 
Tethyan region (Caus and Hottinger, 1986). In the Campanian it appears in France (31; 
Loeblich and Tappan, 1988) and probably also in Morocco (15) and in western and southern 
Europe (Fleury et al., 1985). In the Maastrichtian it is widely distributed between Morocco 
(15; Fleury et al., 1985), the Netherlands (57; Dupeuble et al., 1972; Fleury et al., 1985; 
Loeblich and Tappan, 1988) and Iran (56; Fleury et al., 1985). Hellenocyclina seem to be 
originated in the western side of the Tethys in the area between Morocco and France. 
8.18.4 Biology 
Hellenocyclina often occurs in association with Orbitoides, Lepidorbitoides, Omphalocyclus, 
Siderolites, and Sirtina. While Hohenegger (1999) describes the habitat of Hellenocyclina as a 
deeper environment, Hottinger (1997) divides the preferred habitat into two niches. The first 
is in the upper photic zone at depths of 40 to 80 m, where Hellenocyclina is associated with 
Omphalocyclus, Orbitoides, and Lepidorbitoides. The second niche is in the lower photic 
zone at depths of 80 to 140 m where it is associated with the larger foraminifera Sirtina and 
Lepidorbitoides. 
8.18.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Hellenocyclina is reported from the following locations 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
Morocco (15): Fleury et al., 1985 
France (31): Dupeuble et al., 1972; Fleury et al., 1985; Loeblich and Tappan, 1988 
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Spain (32): Azéma et al., 1979; Fleury et al., 1985 
Greece (36): Loeblich and Tappan, 1988; Mavrikas et al., 1994 
Yugoslavia (37): Fleury et al., 1985 
Turkey (38): Sirel, 1991; Inan, 1996a; Sirel, 1996; Meric et al., 1997; Özcan and Özkan-
Altiner, 1997; Özcan and Özkan-Altiner, 1999b; Özkan-Altiner and Özcan, 1999 
Iran (56): Fleury et al., 1985 
Netherlands (57): Dupeuble et al., 1972; Fleury et al., 1985; Loeblich and Tappan, 1988 
Switzerland (58): Fleury et al., 1985 
Tethys: Caus and Hottinger, 1986 
Western and Southern Europe: Fleury et al., 1985 
Europe: Hanzawa, 1962 
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Figure 8.71: Number of illustrated and not illustrated references in the localities of Hellenocyclina 
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Figure 8.72: Global distribution of Hellenocyclina in the Late Cretaceous 
 
Hellenocyclina shows a superregional distribution in the European Tethys and it is also 
reported from Morocco (15) in the African Tethys. The occurrence in the European Tethys is 
both in the western and the eastern region. The western region comprises the Netherlands 
(57), France (31), Spain (32), and Switzerland (58), the eastern region Yugoslavia (37), 
Greece (36), Turkey (38) and Iran (56). As the stratigraphically first occurrences are from the 
Campanian of France and Morocco it is possible that the center of origin lies in this part of the 
Tethys with a subsequent distribution to the east. 
8.18.6 Remarks 
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8.19 Lepidorbitoides 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family LEPIDORBITOIDIDAE Vaughan, 1933 
Subfamily LEPIDORBITOIDINAE Vaughan, 1933 
Genus LEPIDORBITOIDES Silvestri, 1907 
8.19.1 Description 
Silvestri established the generic name of Lepidorbitoides in the year 1907. The type species 
Orbitoides socialis however was collected by Leymerie (1851) based on Maastrichtian 
material of SW France. The test of Lepidorbitoides is flattened lenticular with a diameter of 
up to 10 mm (rarely up to 25 mm, Loeblich and Tappan, 1988). An equatorial layer divides 
the test. The embryo is bilocular, with a nearly circular proloculus and a reniform 
deuteroconch. Numerous small pustules cover the exterior of the test. 
 
 
 
 
a) 
 
 
 
b) 
 
c) 
Figure 8.73: a) - c) L. minor (Schlumberger); a) - c) Abdelghany, 2003 
 
8.19.2 Species 
Type species: Orbitoides socialis Leymerie, 1851+ 
Synonyms: Lepidorbitoides Silvestri, 1907 
 Orbitoides socialis Leymerie, 1851+ 
Species: L. bisambergensis (Jaeger, 1914)+ 
L. blanfordi Rao+ 
L. campaniensis van Gorsel, 1973+ 
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L. floridensis Cole+ 
L. gangdisicus Liu+ 
L. inornata Rao+ 
L. macgillavryi Thiadens, 1937+ 
L. minor (Schlumberger, 1901) + 
L. palmeri Thiadens, 1937+ 
L. paronai Silvestri+ 
L. pembergeri (Papp, 1954)+ 
L. planasi Rutten, 1935+ 
L. rutteni Thiadens, 1937+ 
L. schenki Brönnimann+ 
L. socialis (Leymerie, 1851) + 
L. zhongbaensis Liu+ 
8.19.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
CUB (1)    X  
F-USA (2) ? ? ? ?  
VEN (10)    X ? 
COL (11)    X  
DWI (13)     ? 
LBY (18)    X  
OMN (23)   X X  
QAT (24)   ? ?  
YEM (25)    X  
SOM (26)   ? ?  
SYR (28)   ? ?  
MDG (29)    X  
FRA (31)   X X  
ESP (32)   X X  
GER (33)   X X  
ITA (35)   X X  
GRC (36)     X X  
YUG (37) ? ? ? ?  
TUR (38)   X X  
ROM (41)      X  
RUS (42)    X  
S-IND (44)    X  
PAK (46)   X X  
IDN (47)    X  
T-CHN (48)   ? ?  
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KIR (49)    X  
NRU (50)    X  
IRN (56)    X  
NLD (57)    X ? 
CHE (58)   X X  
AUT (59)   X X  
MKD (60)    X  
SVN (63)    X  
MYS (64)   X X  
PHL (65)    X ? 
H-USA (67)   X X  
ZYP (69)    X  
CZE/SVK (71)    X  
Sa-ITA (72)    X  
Figure 8.74: Stratigraphic range of the genus Lepidorbitoides in its reported localities 
 
The first occurrence of Lepidorbitoides is of Campanian age. It is widely distributed in Africa, 
Europe, Asia and the Caribbean. In the Maastrichtian the genus densely covers the tropical 
and subtropical regions of the shallow water. There are also some Paleogene records from 
Venezuela (10; Caudri, 1944, 1948), Dutch West Indies (13; Caudri, 1944, 1948), the 
Netherlands (57; Hofker, 1966) and the Philippines (65; Hashimoto et al., 1978a). In the 
Campanian Lepidorbitoides is reported from many locations in African, European, Caribbean 
and Asian, which complicates the identification of an origination center. Drooger (1993) 
recommend the origination of Lepidorbitoides to the subprovinces of the North Sea basin and 
of the Pyrenean and Alpine basins. 
Lepidorbitoides is also reported from Florida (2; Brönnimann, 1958b) and Tibet (48; Zhang et 
al., 2002) with an unprecise Late Cretaceous age. Further records are from Qatar (24), 
Somalia (26), Syria (28), and Yugoslavia (37) (Fleury et al., 1990), but there is no 
stratigraphic age given. 
8.19.4 Biology 
In most locations Lepidorbitoides is associated with individuals of the genera Orbitoides, 
Omphalocyclus, and Siderolites. Sulcoperculina and Vaughanina are additionally associated 
genera in Caribbean areas. 
The paleoenvironmental situation of Lepidorbitoides seems to be species specific. The depth 
ranges between 40-80 m in the upper photic zone and 80-140 m in the lower photic zone 
(Hottinger, 1997). Visser (1951) interpreted L. minor to have lived in water depth of 1-40 
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fathoms (= 1-73 m). Hohenegger (1999) speaks of an occurrence in deeper environments, 
while Lepidorbitoides lived, according to Drooger (1984) somewhat deeper than Orbitoides. 
According to Dilley (1971) Lepidorbitoides mainly occurs between subtropical and tropical 
latitudes. It is often associated with corals and calcareous algae (Lithothamnium). This 
suggests that the average minimum temperature of Lepidorbitoides was above 18° C (Langer 
and Hottinger, 2000). Caus (1988) places some species of this genus on the open marine shelf. 
8.19.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Lepidorbitoides is reported from the following locations 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
Cuba (1): Caudri, 1944; Brönnimann, 1954; Seiglie and Ayala-Castanares, 1963 
Florida (2): *Brönnimann, 1958b 
Venezuela (10): Renz, 1955 
Colombia (11): Caudri, 1948 
Libya (18): Fleury et al., 1985 
Bahamas (21): *Kureshy, 1980 
Oman (23): Abdelghany, 2003 
Qatar (24): Fleury et al., 1990 
Yemen (25): Fleury et al., 1985; Sartorio and Venturini, 1988; Fleury et al., 1990 
Somalia (26): Fleury et al., 1990 
Syria (28): Fleury et al., 1990 
Madagascar (29): *Visser, 1951; Fleury et al., 1985 
France (31): Renz, 1936; Papp, 1954; Papp, 1955a; Hanzawa, 1962; Neumann, 1972; van 
Gorsel, 1973a; Wannier, 1983; Verhallen et al., 1984; Caus et al., 1988; Loeblich and 
Tappan, 1988; Neumann, 1993; Caus et al., 1996; Aguilar et al., 2002 
Spain (32): Renz, 1936; *Visser, 1951; Neumann, 1972; Azéma et al., 1979; Wannier, 1983; 
Caus, 1988; Caus et al., 1988; Neumann, 1993 
Germany (33): Hagn, 1971; Neumann, 1972; Fleury et al., 1985 
Italy (35): Renz, 1936; Loeblich and Tappan, 1988 
Greece (36): Arni, 1933; Renz, 1936; Butterlin, 1967; Fleury, 1977; Zambetakis-Lekkas, 
1988; Fleury et al., 1990; Mavrikas et al., 1994 
Yugoslavia (37): Fleury et al., 1990 
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Turkey (38): Loeblich and Tappan, 1988; Fleury et al., 1990; Meric and Coruh, 1991; Sirel, 
1991; Özcan, 1993; Meric et al., 1997; Özcan and Özkan-Altiner, 1997; Özcan and Özkan-
Altiner, 1999a; Özcan and Özkan-Altiner, 1999b; Özkan-Altiner and Özcan, 1999 
Romania (41): Bratu, 1975; Ion, 1975 
S-Russia (42): Fleury et al., 1985 
S-India (44): *Visser, 1951; Nagappa, 1959; Gowda, 1964; Fleury et al., 1985 
India: Renz, 1936 
Pakistan (46): McGowran, 1968; Kureshy, 1977; Kureshy, 1980; Fleury et al., 1985 
Indonesia (47): Fleury et al., 1985; Pringgoprawiro et al., 1998 
Tibet (48): *Zhang et al., 2002 
Line Islands (49): Premoli Silva and Brusa, 1981 
Nauru (50): Premoli Silva and Brusa, 1981; Schlanger and Premoli Silva, 1981; Butterlin, 
1992 
Iran (56): Loeblich and Tappan, 1988 
Netherlands (57): Visser, 1951; Papp, 1954; Papp, 1955a; Hofker, 1966; Neumann, 1972; 
Wannier, 1983; Caus et al., 1988; Caus et al., 1996; Ferràndez-Canadell, 2000; Aguilar et 
al., 2002 
Switzerland (58): Renz, 1936; Loeblich and Tappan, 1988 
Austria (59): Papp and Küpper, 1953a; Papp, 1954; Papp, 1955a; Papp, 1955b; Papp, 1955c; 
Papp, 1956; Loeblich and Tappan, 1988; Neumann, 1993; Caus et al., 1996; Aguilar et al., 
2002 
Macedonia (60): Butterlin, 1967 
Slovenia (63): Bignot, 1972 
Malaysia (64): McGowran, 1968 
Philippines (65): *Hashimoto et al., 1978a; Hashimoto and Matsumaru, 1981; Hashimoto and 
Matsumaru, 1984; Fleury et al., 1985 
Hawaii (67): Butterlin, 1992 
Cyprus (69): Renz, 1936 
Czechoslovakia (71): Neumann, 1993 
Sardinia (72): Busulini et al., 1984 
Former Yugoslavia (74): Fleury et al., 1990 
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Figure 8.75a: Number of illustrated and not illustrated references in the localities of Lepidorbitoides 
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Figure 8.75b: Number of illustrated and not illustrated references in the localities of Lepidorbitoides 
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Figure 8.75c: Number of illustrated and not illustrated references in the localities of Lepidorbitoides 
 
For reasons of clarity the following locations were plotted together in figure 8.76: 
Germany (33), Switzerland (58), and Austria (59) as locality 82, Greece (36) and Macedonia 
(60) as locality 83, Yugoslavia (37), Slovenia (63), and formerly Yugoslavia (74) as locality 
84. 
 
 
Figure 8.76: Global distribution of Lepidorbitoides in the Late Cretaceous 
 
Lepidorbitoides shows a global distribution pattern. It is documented in all faunal provinces, 
but the European area seems to be the most densely populated region. 
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8.19.6 Remarks 
There is currently some debate whether Orbitocyclina is indeed a separate genus or if it is 
synonymous with the genus Lepidorbitoides, which is strongly supported by Aguilar et al. 
(2002). The biogeographic distribution given above is therefore only of preliminary nature. If 
this genus belongs to Lepidorbitoides it would have the same global distribution pattern as 
outlined for Lepidorbitoides. 
Lepidorbitoides minima Douvillé, 1927 is the type species of Orbitocyclina Vaughan, 1929.
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8.20 Sulcoperculina 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ORBITOIDACEA Schwager, 1876 
Family LEPIDORBITOIDIDAE Vaughan, 1933 
Subfamily LEPIDORBITOIDINAE Vaughan, 1933 
Genus SULCOPERCULINA Thalmann, 1938 
8.20.1 Description 
Thalmann established in 1938 the new subgenus Sulcoperculina with the subgenustype 
?Camerina dickersoni Palmer. The new subgenus belongs to the genus Operculina 
d’Orbigny. The material on which the systematic designation is based stems from the 
Maastrichtian of Cuba. In 1949, de Cizancourt concidered Sulcoperculina as a separate genus 
and not only a subgenus. The chambers of Sulcoperculina are trochospirally arranged, 
consisting of about three whorls. The last whorl is made up of around 18 to 20 chambers. The 
diameter of the test is between 0.6 mm (Hottinger, 1966) and 2 mm (Loeblich and Tappan, 
1988), the thickness varies between 0.4 mm (Loeblich and Tappan, 1988) and 0.8 mm 
(Butterlin, 1981). In equatorial section a distinct spiral of the chambers is visible while the 
septa are nearly perpendicular to the wall. Intraseptal canals are present. In axial view a 
distinct sulcus is present at the peripheral margin. The test surface is ornamented with an 
umbilical knob and with thick pustules. The wall is calcareous. 
 
 
a) 
 
b) 
 
c) 
 
 
 
d) 
Figure 8.77: a) - d) S. dickersoni (Palmer); a), c) Palmer, 1934, b) Cole, 1947, d) Butterlin, 1981 
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8.20.2 Species 
Type species: ?Camerina dickersoni Palmer, 1934; p. 243; pl. 14, figs. 1, 2, 4, 6, 8 
Synonyms: Operculina (Sulcoperculina) Thalmann, 1939; p. 330 
Sulcoperculina de Cizancourt, 1949 (nom. transl.); p. 671 
Species: S. angulata Brown and Brönnimann, 1957; p. 29; text-figs. 2, 3 
S. cubensis (Palmer, 1934) (?Camerina cubensis Palmer, 1934; p. 245; pl. 14, 
figs. 3, 5, 7) 
S. diazi Seiglie and Ayala-Castanares, 1963; p. 30; pls. 6, figs. 1-4; pl. 7, figs. 
1-3 
S. dickersoni (Palmer, 1934) (?Camerina dickersoni Palmer, 1934; p. 243; pl. 
14, figs. 1, 2, 4, 6, 8) 
S. globosa de Cizancourt, 1949; p. 670; pl. 23, figs. 6, 7 
?S. minima Seiglie and Ayala-Castanares, 1963; p. 31; pl. 8, figs. 1-4 
S. obesa de Cizancourt, 1949; p. 670; pl. 23, figs. 11, 14 
S. vermunti (Thiadens, 1937) [Camerina vermunti Thiadens, 1937; p. 94; text-
figs. 3(A, E); pl. 16, figs. 1, 11, 12] 
8.20.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
CUB (1) X X X X  
F-USA (2) X   X  
S-MEX (3)   X X  
T-USA (5)   X   
JAM (6)   X X  
HTI (7) X X X X  
GTM (9) ? ? ? ?  
VEN (10)   X X  
COL (11)    X  
PR-USA (12)   X X  
DWI (13)   X X  
KIR (49)    X  
NRU (50)   X, X  
NE-MEX (52)   X X  
H-USA (67)   X X  
MEXu (68)   X X  
Figure 8.78: Stratigraphic range of the genus Sulcoperculina in its reported localities 
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The first records of Sulcoperculina are from the Turonian of Cuba and Haiti (Brönnimann, 
1957) and from the Early Cretaceous of Florida (Brönnimann, 1954). Records of Santonian 
age exist from Cuba (1; Brönnimann, 1957) and Haiti (7; Brönnimann, 1957). In the 
Campanian and in the Maastrichtian Sulcoperculina is reported from the Caribbean realm 
between Florida, Texas, Mexico, Cuba, Colombia and Venezuela, as well as from Asia 
(Pakistan). There are no records of Sulcoperculina from the Paleogene or later. The fossil 
record hints to an origination center around Cuba and Haiti. 
8.20.4 Biology 
In the Caribbean region Vaughanina, Orbitoides, Lepidorbitoides and Pseudorbitoides are 
usually the accompanying foraminifera. Hottinger (1983) interprets the habitat of 
Sulcoperculina as an environment exposed to high water energy, where the foraminifera lived 
on hard substrate. Also the lithology in which Sulcoperculina is present supports this 
interpretation as it is often a heterogenous silty limestone with some terrestrial components. 
8.20.5 Biogeographic distribution and Faunal Province 
In the time span from the Santonian to the Maastrichtian Sulcoperculina is reported from the 
following locations (*Senonian/Late Cretaceous records, illustrated records, not illustrated 
records): 
Cuba (1): Palmer, 1934; Caudri, 1944; Brönnimann, 1954; *Brönnimann, 1955; Brönnimann, 
1957; Hanzawa, 1962; Seiglie and Ayala-Castanares, 1963; *Hottinger, 1966; Loeblich and 
Tappan, 1988 
Florida (2): Brönnimann, 1957; *Brönnimann, 1958b 
S-Mexico (3): Ayala-Castanares, 1963; Butterlin, 1967; Pécheux, 1984; Rosales Dominguez 
et al., 1994 
Texas (5): Brönnimann, 1957 
Jamaica (6): *Brönnimann, 1955; Krijnen, 1972; Loeblich and Tappan, 1988 
Haiti (7): Brönnimann, 1957; Butterlin, 1967; Loeblich and Tappan, 1988 
Venezuela (10): Renz, 1955; Loeblich and Tappan, 1988 
Colombia (11): Caudri, 1948 
Puerto Rico (12): Brönnimann, 1957; Pessagno, 1962 
Dutch Westindies (13): Krijnen, 1967 
Line Islands (49): Premoli Silva and Brusa, 1981; Schlanger and Premoli Silva, 1981 
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Nauru (50): Premoli Silva and Brusa, 1981; Butterlin, 1992 
NE-Mexico (52): Butterlin, 1967; Caus et al., 2002 
Hawaii (67): Butterlin, 1992 
Mexico (68): Caudri, 1944; Butterlin, 1981; Loeblich and Tappan, 1988 
Central America: Dilley, 1973 
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Figure 8.79: Number of illustrated and not illustrated references in the localities of Sulcoperculina 
 
 
Figure 8.80: Global distribution of Sulcoperculina in the Late Cretaceous 
 
The Caribbean realm is densely covered with locations where Sulcoperculina occurs. The 
distribution ranges from Texas (5; Brönnimann, 1957) in the north to Columbia (11; Caudri, 
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1948) in the south. Further locations belonging to the Caribbean region are Nauru (50; 
Premoli Silva and Brusa, 1981; Butterlin, 1992), the Line Islands (49; Premoli Silva and 
Brusa, 1981; Schlanger and Premoli Silva, 1981) and Hawaii (67; Butterlin, 1992). Besides 
all records from the Caribbean, Sulcoperculina was also reported from Spain (32; Hottinger, 
1966; Azéma et al., 1979), Greece (36; Butterlin, 1967; Loeblich and Tappan, 1988; Mavrikas 
et al., 1994), Macedonia (60; Butterlin, 1981) and Turkey (38; Meric and Coruh, 1991), Egypt 
(20; Ismail and Boukhary, 2001), Oman (23; Abdelghany, 2003), and Pakistan (46; Kureshy, 
1977, 1980). All European and North African records however, appear to be false 
identifications. Sulcoperculina is therefore considered to be endemic to the Caribbean and 
Eastern Pacific region. 
8.20.6 Remarks 
Unfortunately the records from the Line Islands and Hawaii cannot be verified by 
illustrations, but as discussed in chapter 6.2 “Paleoceanography” those localities were closer 
to the Caribbean in the Late Cretaceous with connecting shallow “stepping stones” (Premoli 
Silva and Brusa, 1981), so that a distribution may be possible. This genus is often interpreted 
to be restricted to the Caribbean Province (Premoli Silva and Brusa, 1981) and all other 
records from Spain (32), Greece (36), Macedonia (60), Turkey (38), Egypt (20), Oman (23), 
and Pakistan (46) are disregarded here. The specimen from Oman (23), which is reported by 
Abdelghany (2003), is illustrated but does not show the significant peripheral sulcus. The 
specimens from Greece (36) and Macedonia (60) that were reported and illustrated by 
Butterlin (1967) do not belong to Sulcoperculina. 
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8.21 Pseudorbitoides 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ROTALIACEA Ehrenberg, 1839 
Family PSEUDORBITOIDIDAE Rutten, 1935 
Subfamily PSEUDORBITOIDINAE Rutten, 1935 
Genus PSEUDORBITOIDES Douvillé, 1922 
8.21.1 Description 
In 1922, Douvillé erected the genus Pseudorbitoides, with the type species Pseudorbitoides 
trechmanni from Jamaica. The perforate test of Pseudorbitoides is lenticular with a circular 
outline. The size of the test is species-specific and ranges between 0.4 and 2.7 mm, while the 
thickness is between 0.1 and 1.7 mm (Krijnen, 1967). The microspheric juvenarium is 
uniserial, while the megalospheric one is uniserial to quadriserial. A single equatorial layer 
divides the test. To the periphery the equatorial chamber are crossed by radial beams, which 
dominate towards the margin. The lateral chambers, which are arranged in regular tiers, must 
not cover the whole equatorial chambers so that a peripheral flange is visible. The outside of 
the test is covered with numerous pustules. 
 
 
 
 
 
a) 
 
 
 
b) 
 
c) 
 
d) 
Figure 8.81: a), b) P. trechmanni Douvillé, c), d) P. trechmanni pectinata Krijnen; a), b) Loeblich and Tappan, 
1988, c), d) Krijnen, 1972 
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8.21.2 Species 
Type species: Pseudorbitoides trechmanni Douvillé, 1922+ 
Synonyms: Pseudorbitoides Douvillé, 1922+ 
Species: P. chubbi Brönnimann, 1958b; p. 424; pl. 1, figs. 1-3 
P. curacaoensis Krijnen, 1967; p. 148; pl. 1, figs. 1-3; pl. 2, figs. 1-6; pl. 3, 
figs. 1-4; pl. 5, fig. 1 
P. israelskyi Vaughan and Cole, 1932+ 
P. rutteni Brönnimann, 1955; p. 68; pl. 11, figs. 1-7; pl. 12, figs. 1-11 
P. trechmanni Douvillé, 1922+ 
8.21.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene
CUB (1)   X X  
F-USA (2)  ? ? ?  
S-MEX (3)   X X  
L-USA (4)   X X  
M-USA (4)   X   
T-USA (5)   X X  
JAM (6)   X X  
HTI (7)   X X  
HND (8)   X   
GTM (9)   X X  
VEN (10)   X X  
PR-USA (12)   X X  
DWI (13)   X X  
KIR (49)   X X  
NRU (50)   X X  
H-USA (67)   X X  
MEXu (68)   X X  
Figure 8.82: Stratigraphic range of the genus Pseudorbitodes in its reported localities 
 
Pseudorbitoides is restricted to the Late Cretaceous (Campanian to Maastrichtian). In both 
time slices it is reported from numerous Caribbean locations. From the European area it is 
reported from the Campanian of Austria (59). There are also some Asian records, from Tibet 
(48), Papua New Guinea (51), and the Philippines (65). From Papua New Guinea a 
Campanian age is given, whereas the age of the record of Tibet is not given. From the 
Philippines the age is given with Late Cretaceous to Paleocene. All European and Asian 
records are highly questionable. The genus is therefore restricted to the Caribbean. To date the 
origination center cannot be identified. 
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8.21.4 Biology 
In most locations Pseudorbitoides is associated with Lepidorbitoides, Orbitoides, 
Sulcoperculina, and Vaughanina. Dilley (1971) considers the habitat of Pseudorbitoides to be 
a warm shallow-water environment within tropical and subtropical latitudes. This is suggested 
by the presence of corals and nullipore type calcareous algae. 
8.21.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Pseudorbitoides is reported from the following locations 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
Cuba (1): Caudri, 1944; Brönnimann, 1954; *Brönnimann, 1955; Seiglie and Ayala-
Castanares, 1963; Loeblich and Tappan, 1988 
Florida (2): *Brönnimann, 1954 
Chiapas (3): Ayala-Castanares, 1963; Pécheux, 1984; Rosales Dominguez et al., 1994 
Louisiana (4): Seiglie and Ayala-Castanares, 1963; Loeblich and Tappan, 1988 
Mississippi (4): *Vaughan and Cole, 1943; Brönnimann, 1957 
Texas (5): *Frizzell, 1954; Brönnimann, 1958b; Loeblich and Tappan, 1988 
Jamaica (6): *Vaughan and Cole, 1943; *Brönnimann, 1955; Krijnen, 1972; *Loeblich and 
Tappan, 1988 
Haiti (7): Brönnimann, 1955; Seiglie and Ayala-Castanares, 1963; Butterlin, 1967; Loeblich 
and Tappan, 1988 
Honduras (8): Seiglie and Ayala-Castanares, 1963 
Guatemala (9): Brönnimann, 1955 
Venezuela (10): Brönnimann, 1955; Renz, 1955; Seiglie and Ayala-Castanares, 1963 
Puerto Rico (12): Pessagno, 1962; Seiglie and Ayala-Castanares, 1963 
Dutch West Indies (13): Brönnimann, 1955; Krijnen, 1967; Krijnen, 1972 
Kiribati (49): Premoli Silva and Brusa, 1981; Schlanger and Premoli Silva, 1981; Butterlin, 
1992 
Nauru (50): Premoli Silva and Brusa, 1981; Schlanger and Premoli Silva, 1981; Butterlin, 
1992 
Hawaii (67): Butterlin, 1992 
Mexico undifferentiated (68): Brönnimann, 1955; Brönnimann, 1957; Butterlin, 1981 
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Figure 8.83: Number of illustrated and not illustrated references in the localities of Pseudorbitoides 
 
 
Figure 8.84: Global distribution of Pseudorbitoides in the Late Cretaceous 
 
The main distribution of Pseudorbitoides is in the Caribbean region (Vaughan, 1933; van 
Gorsel, 1973). There it occurs from the southern part of North America (Louisiana, 
Mississippi, Texas, Florida) to the north of South America (Venezuela, Dutch West Indies). 
Further records from the Caribbean Faunal Province are from Hawaii (67), Line Islands (49), 
and Nauru (50). There are also specimens reported from European (Austria) and Asian (Tibet, 
Papua New Guinea, Philippines) regions. These occurrences, however, require a critical 
review and are therefore excluded. The records from Tibet (48; Butterlin, 1992) and Papua 
New Guinea (51; Seiglie and Ayala-Castanares, 1963; McGowran, 1968; Butterlin, 1992) 
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cannot be verified by illustrations and are also doubtful. The same is true for records from 
Austria (59; Papp, 1954, 1955b) and the Philippines (65; Hashimoto et al., 1978a). The 
biogeographic distribution of Pseudorbitoides is therefore restricted to the Caribbean and 
Eastern Pacific. 
8.21.6 Remarks 
Pseudorbitoides longispiralis is the type species of Helicorbitoides Macgillavry (Loeblich and 
Tappan, 1988). Therefore the records of this species (Papp and Küpper, 1953b; Papp, 1954; 
Brönnimann, 1955; Papp, 1955a, 1955b) must be disregarded. 
The specimens of ?Pseudorbitoides chubbi (Brönnimann, 1958b; pl. 1, figs. 1-3) from the 
Campanian of Texas do not belong to the genus Pseudorbitoides. 
The illustrated specimens of ?Pseudorbitoides chubbi (Butterlin, 1981; pl. 33, figs. 5, 6) and 
Pseudorbitoides curacaoensis (Butterlin, 1981; pl. 33, figs. 7-9) do not belong to the genus 
Pseudorbitoides. 
Pseudorbitoides israelskyi (Pécheux, 1984; pl. 7, figs. 21, 22) and Pseudorbitoides israelskyi 
morphotype kozaryi (Pécheux, 1984; pl. 7, figs. 31-33) from the Campanian of Mexico are 
too different to belong to the genus Pseudorbitoides. 
 
Results: Biogeographic Distribution – Vaughanina 
 138
8.22 Vaughanina 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ROTALIACEA Ehrenberg, 1839 
Family PSEUDORBITOIDIDAE Rutten, 1935 
Subfamily VAUGHANININAE MacGillavry, 1963 
Genus VAUGHANINA Palmer, 1934 
8.22.1 Description 
Palmer (1934) established the genus Vaughanina based on material from the Late Cretaceous 
of Cuba. The test of Vaughanina is lenticular, with a circular outline. The dimensions depend 
on the species and on the ontogenetic stages. The diameter ranges from 0.5 mm to 2.0 mm 
and the thickness from 0.4 mm to 1.5 mm. From the outside the test seems to consist of two 
parts: a central convex part with prominent pustules, and an outer thin flange, which is 
crossed by radiating plates. In the singular equatorial layer the bilocular juvenarium is 
followed by a spiral of 5 to 27 uniserial chambers. Affiliated are annular chambers, which are 
crossed by radial plates. The equatorial layer thickens to the periphery. It is covered on both 
sides with lateral chambers, with exception of the outmost part, the peripheral flange. In the 
central part there are 6 to 8 layers of lateral chambers. The lateral chambers are crossed by 
several pillars, which produce the pustules on the outside. 
 
 
a) b) 
 
 
 
 
 
c) 
Figure 8.85: a) - c) V. cubensis Palmer; a), b) Vaughan and Cole, 1943, c) Palmer, 1934 
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8.22.2 Species 
Type species: Vaughanina cubensis Palmer, 1934; p. 241; pl. 12, fig. 5; pl. 13, figs. 2, 4  
Synonyms: Vaughanina Palmer, 1934; p. 240 
Species: V. barkeri Brönnimann, 1954; p. 103; pl. 18, figs. 1, 2; txt-fig. 10 
V. cubensis Palmer, 1934; p. 241; pl. 12, fig. 5; pl. 13, figs. 2, 4 
V. guatemalensis Brönnimann, 1958b; p. 434; pl. 1, fig. 8; txt-figs. 1, 8, 9 
V. jordanae Brönnimann, 1958b; p. 429; pl. 1, figs. 4-7; txt-figs. 1, 5-7 
8.22.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
CUB (1)   X X X 
F-USA (2) X  X X  
S-MEX (3)   X X  
GTM (9)   X X  
VEN (10)   X X  
PR-USA (12)   X X  
DWI (13)     X 
V-MEX (14)   X X  
KIR (49)    X  
NRU (50)   X X  
NE-MEX (52)   X   
H-USA (67)    X  
Figure 8.86: Stratigraphic range of the genus Vaughanina in its reported localities 
 
The first occurrence of Vaughanina is from the Early Cretaceous of Florida (2; Brönnimann, 
1954) but the record lacks an illustration. The main stratigraphic range of Vaughanina is from 
the Campanian to the Maastrichtian, where it can be found in the entire Caribbean region. 
Brönnimann (1954) and Ellis and Messina (1967) also found Vaughanina cubensis in the 
Paleocene of Cuba (1). Further Paleocene records of Vaughanina cubensis are from Bonaire, 
D.W.I. (13; Ellis and Messina, 1967). The origination center of Vaughanina seems to be in 
Florida from where it dispersed to the whole Caribbean region. 
8.22.4 Biology 
Vaughanina is commonly associated with individuals of the following larger foraminifera: 
Orbitoides, Sulcoperculina, Lepidorbitoides, Pseudorbitoides, Omphalocyclus, and rarely 
with Chubbina, and Siderolites. 
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The information about the habitat of Vaughanina shows a broad spectrum of potential 
environments. On the one hand a reefal or fore-reefal facies (Brönnimann, 1958a) and organic 
reefs (Seiglie and Ayala-Castanares, 1963) are mentioned; on the other hand the environment 
may have been open marine with some terrigenous input (Caus et al., 2002) or with abundant 
detritic material (Seiglie and Ayala-Castanares, 1963). Seiglie and Ayala-Castanares (1963) 
conclude that the species of the family Pseudorbitoididae have lived in an environment with 
moderate water energy. 
8.22.5 Biogeographic distribution and Faunal Province 
In the uppermost Cretaceous individuals of the genus Vaughanina are documented from the 
following localities (*Senonian/Late Cretaceous records, illustrated records, not illustrated 
records): 
Cuba (1): *Palmer, 1934; *Vaughan and Cole, 1943; Caudri, 1944; Brönnimann, 1954; 
Brönnimann, 1958a; Ayala-Castanares, 1963; Seiglie and Ayala-Castanares, 1963; *Ellis 
and Messina, 1967; Krijnen, 1972; Loeblich and Tappan, 1988 
Florida (2): Brönnimann, 1954; Brönnimann, 1957; *Brönnimann, 1958b; Ellis and Messina, 
1967; Loeblich and Tappan, 1988 
Chiapas (3): Pécheux, 1984; Rosales Dominguez et al., 1994 
Guatemala (9): *Brönnimann, 1954; Brönnimann, 1958b; Ellis and Messina, 1967; Loeblich 
and Tappan, 1988 
Venezuela (10): *Brönnimann, 1954; Renz, 1955; Ellis and Messina, 1967; Loeblich and 
Tappan, 1988 
Puerto Rico (12): Pessagno, 1962 
Dutch West Indies (13): *Brönnimann, 1954; *Ellis and Messina, 1967 
Veracruz (14): *Brönnimann, 1954; Butterlin, 1967; Ellis and Messina, 1967 
Line Islands (49): Premoli Silva and Brusa, 1981 
Nauru (50): Premoli Silva and Brusa, 1981; Schlanger and Premoli Silva, 1981; Butterlin, 
1992 
NE-Mexico (52): Caus et al., 2002 
Hawaii (67): Butterlin, 1992 
N America, Central America: Dilley, 1973 
Mexico: Butterlin, 1981; Loeblich and Tappan, 1988 
Caribbean: Hanzawa, 1962; Butterlin, 1981 
Gulf of Mexico region: Hanzawa, 1962 
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Figure 8.87: Number of illustrated and not illustrated references in the localities of Vaughanina 
 
 
Figure 8.88: Global distribution of Vaughanina in the Late Cretaceous 
 
In the uppermost Cretaceous Vaughanina is documented from the Caribbean region. Both, in 
the Campanian and in the Maastrichtian it occurs in the area between Florida (2), Mexico (3, 
52), Guatemala (9), Puerto Rico (12), Cuba (1) and Venezuela (10). In the Pacific Ocean 
Vaughanina is reported from Nauru (50) in the Campanian and Maastrichtian while the 
records from Line Islands (49) and Hawaii (67) are Maastrichtian in age. 
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8.22.6 Remarks 
The records of Vaughanina from Nauru (50; Premoli Silva and Brusa, 1981) are doubtful, 
because the illustrated foraminifera show no peripheral flange and instead of pustules the 
individuals show cavities. 
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8.23 Orbitocyclina 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ROTALIACEA Ehrenberg, 1839 
Family PSEUDORBITOIDIDAE Rutten, 1935 
Subfamily PSEUDORBITELLINAE Hanzawa, 1962 
Genus ORBITOCYCLINA Vaughan, 1929 
8.23.1 Description 
Orbitocyclina has recently been described to be synonymous with Lepidorbitoides (Aguilar et 
al., 2002). The distributional discussion that follows below considers the status prior to the 
redescription of Aguilar et al. (2002). Both genera, however, have now been merged into a 
single genus (see remarks below). 
The type species of Orbitocyclina, Lepidorbitoides minima, was defined by Douvillé in the 
year 1927 based on material from Mexico. The genus Orbitocyclina was officially erected in 
1929. The test is lenticular. The dimensions of Orbitocyclina minima (Douvillé) are given 
with a diameter of 1.6-4 mm and a thickness of 0.3-2.4 mm (Hanzawa, 1963). The bilocular 
embryo is surrounded by a comparatively thick wall and followed by spiral chambers. The 
test is subdivided by an equatorial layer, in which the arcuated to diamond-shaped chambers 
are interconnected by stolons. The lateral layers consist of irregular tiers with 5-6 chambers at 
the center and do not always completely cover the equatorial layer, so that a flangelike 
periphery arises. In the central part pillars may be present. 
 
 
a) b) 
 
 
 
c) 
Figure 8.89: a) - c) O. minima (Douvillé); a) Loeblich and Tappan, 1988, b), c) Butterlin, 1981 
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8.23.2 Species 
Type species: Lepidorbitoides minima Douvillé, 1927+; p. 34; pl. 1 
Synonyms: Orbitocyclina Vaughan, 1929+ 
Pseudorbitella Hanzawa, 1962  
Species: Pseudorbitella americana Hanzawa, 1962; p.148; pl. 7, figs. 1-4 
Lepidorbitoides minima Douvillé, 1927+ 
Orbitocyclina minima (Douvillé, 1927) + 
O. ariyalurensis Rao, 1942 
O. americana (Hanzawa, 1962) 
8.23.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
CUB (1)   X X  
F-USA (2)   X X  
S-MEX (3)   X X  
L-USA (4)   X X  
FRA (31)   X   
ESP (32)   X   
S-IND (44)    X  
NRU (50)    X  
NE-MEX (52)   X X  
AUT (59)   X   
MEXu (68)   X X  
Figure 8.90: Stratigraphic range of the genus Orbitocyclina in its reported localities 
 
The first stratigraphic occurrence of Orbitocyclina is of Campanian age. In this time slice it is 
recorded from following Caribbean regions: Cuba (1; Caudri, 1944; Hanzawa, 1962, 1963; 
Loeblich and Tappan, 1988), Florida (2; Loeblich and Tappan, 1988), Louisiana (4; Loeblich 
and Tappan, 1988), and Mexico (Ayala-Castanares, 1963; Pécheux, 1984). Orbitocyclina is 
also reported from Campanian locations in Europe [France (31), Neumann, 1972; Spain (32), 
Neumann, 1972; Austria (59), Papp, 1954, 1955a, 1955b, 1956]. During Maastrichtian times 
Orbitocyclina is only known from Caribbean locations (Cuba, Florida, Louisiana, Nauru, and 
Mexico) but there is also a record from South India (44; Gowda, 1964), which unfortunately 
cannot be verified by an illustration. The origination center of this genus cannot be identified 
to date. 
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8.23.4 Biology 
Aguilar et al. (2002) suggest a deposition on the open shelf, where a huge part is covered with 
terrigeneous material. The accompanying fauna indicates a deposition in the lower photic 
zone. Therefore the living environment could be in a region with carbonate sedimentation, 
which was deposited in the forereef (Aguilar et al., 2002). 
8.23.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Orbitocyclina is reported from the following locations 
(*Senonian/Late Cretaceous records, illustrated records, not illustrated records): 
Cuba (1): Caudri, 1944; Hanzawa, 1962; Hanzawa, 1963; Loeblich and Tappan, 1988 
Florida (2): Loeblich and Tappan, 1988 
Chiapas (3): Ayala-Castanares, 1963; Pécheux, 1984 
Louisiana (4): Loeblich and Tappan, 1988 
France (31): Neumann, 1972 
Spain (32): Neumann, 1972 
S-India (44): Gowda, 1964 
Nauru (50): Butterlin, 1992 
NE-Mexico (52): Butterlin, 1967; Loeblich and Tappan, 1988; Butterlin, 1992; Aguilar et al., 
2002; Caus et al., 2002 
Austria (59): Papp, 1954; Papp, 1955a; Papp, 1955b; Papp, 1956 
Mexico undiff. (68): Caudri, 1944; Butterlin, 1981; Loeblich and Tappan, 1988 
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Figure 8.91: Number of illustrated and not illustrated references in the localities of Orbitocyclina 
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Figure 8.92: Global distribution of Orbitocyclina in the Late Cretaceous 
 
In the Late Cretaceous Orbitocyclina is mainly distributed in the northern Caribbean region 
between Louisiana (4; Loeblich and Tappan, 1988), Florida (2; Loeblich and Tappan, 1988) 
and South Mexico (3; Ayala-Castanares, 1963; Pécheux, 1984). Campanian records are also 
from France (31; Neumann, 1972), Spain (32; Neumann, 1972), and Austria (59; Papp, 1954, 
1955a, 1955b, 1956). 
8.23.6 Remarks 
There is currently some debate whether Orbitocyclina is indeed a separate genus or if it is 
synonymous with the genus Lepidorbitoides, which is strongly supported by Aguilar et al. 
(2002). The biogeographic distribution given above is therefore only preliminary. If this 
genus belongs to Lepidorbitoides it would have the same global distribution pattern as 
outlined in chapter 8.19 for Lepidorbitoides. 
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8.24 Laffitteina 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ROTALIACEA Ehrenberg, 1839 
Family ROTALIIDAE Ehrenberg, 1839 
Subfamily PARAROTALIINAE Reiss, 1963 
Genus LAFFITTEINA Marie, 1945 
 
8.24.1 Description 
In 1945, Marie established the new genus Laffitteina in appreciation to R. Laffitte, based on 
material from the Montian of France. The test of Laffitteina is lenticular with a diameter of 3 
mm and a thickness of 1 mm (Blanc, 1975). The chambers are arranged in an involute spiral 
consisting of about three whorls. The septa, which are slightly curved forward, are doubled. 
The thick septa are distinctly visible as sutures on the outside of the test and are provided with 
a double row of pores. The wall is calcareous hyaline. 
 
a) b) 
 
c) 
 
 
 
d) 
Figure 8.93: a) - d): L. mengaudi (Astre); a), c) Loeblich and Tappan, 1964, b), d) Blanc, 1975 
 
8.24.2 Species 
Type species: Laffitteina bibensis Marie, 1945; p. 431; text-figs. 1-3, 14-16; pl. 1, figs. 1-6 
Synonyms: Laffitteina Marie, 1945; p. 430 
Species: L. bibensis Marie, 1945; p. 431; text-figs. 1-3, 14-16; pl. 1, figs. 1-6 
L. boluensis Dizer, 1957+ 
L. conica Drooger, 1952; p. 100; pl. 16, figs. 10a-c, 16, 17 
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L. erki (Sirel, 1969)+ 
  L. koyulhisarica Sirel, 1996; p. 20; pl. 9, figs. 1-22 
  L. marsicana Farinacci, 1965+ 
  L. mengaudi (Astre, 1923) (Nummulites mengaudi Astre, 1923; p. 360) 
L. monodi Marie, 1945; p. 433; text-figs. 4-13, 17-23 
L. oeztuerki Inan+ 
  L. turcica Inan, 2002; p. 93; pl. 1, figs. 1-5 
8.24.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
MAR (15)    X  
DZA (16)    X  
TUN (17)    X  
LBY (18)    X  
MRT (19)    X  
VEN (10)     X 
FRA (31)    X  
ESP (32)    X  
ITA (35)    X  
GRC (36)    X  
TUR (38)    X X 
AFG (43)    X  
PAK (46)    X  
HRV (62)    X  
SVN (63)    X  
ZYP (69)    X  
YUGf (74)    X  
Figure 8.94: Stratigraphic range of the genus Laffitteina in its reported localities 
 
Laffitteina occurs for the first time in the Maastrichtian with a wide distribution. It is recorded 
from the western end of the Tethys in Morocco (15; Fleury et al., 1985), Algeria (16; Fleury 
et al., 1985), Spain (32; Fleury et al., 1985; Caus and Hottinger, 1986; Caus, 1988; Loeblich 
and Tappan, 1988) to the eastern side of the Tethys in Turkey (38; Fleury et al., 1985; Inan, 
1996a, 1996b; Sirel, 1996; Inan, 2002) and further east to Afghanistan (43; Fleury et al., 
1985) and Pakistan (46; Fleury et al., 1985). It is particularly remarkable that it is one of the 
few larger foraminifera, that has not been affected by the mass extinction event at the end of 
the Maastrichtian (Sirel, 1996) and is also reported from the Paleocene of Turkey (38; Inan, 
1996b; Sirel, 1996) and Venezuela (10; Renz, 1955). Due to its wide distribution in the 
Maastrichtian an origination center can not be identified for the moment. 
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8.24.4 Biology 
Laffitteina occurs in association with Omphalocyclus, Rhapydionina, Orbitoides, Cuneolina, 
Loftusia, Siderolites, Hellenocyclina, and Sirtina. 
The environment in which Laffitteina preferentially lived can be characterized as restricted 
shelf area. It mainly occurred in lagoonal facies (Caus, 1988; Inan, 1996a) as well as in  
subtidal-tidal areas (Caus, 1988; Inan, 1996a; Gusic et al., 1998) in the upper photic zone 
(Hottinger, 1997). The amount of canals in the test hints to a meso-eutrophic environment, 
maybe in estuaries of tropical shelfs (Hottinger, pers. com.). Inan (1996b) interprets 
Laffitteina to be adapted to somewhat colder conditions, “geographically to the northern part 
of the Neo-Tethys, between 15 and 30° north”. 
8.24.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Laffitteina is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Morocco (15): Fleury et al., 1985 
Algeria (16): Fleury et al., 1985 
Tunisia (17): Fleury et al., 1985 
Libya (18): Fleury et al., 1985 
Mauritania (19): Loeblich and Tappan, 1988 
France (31): Blanc, 1975; Loeblich and Tappan, 1988 
Spain (32): Fleury et al., 1985; Caus and Hottinger, 1986; Caus, 1988; Loeblich and Tappan, 
1988 
Italy (35): Fleury et al., 1985; Loeblich and Tappan, 1988 
Greece (36): *Fleury et al., 1979; Fleury et al., 1985; Loeblich and Tappan, 1988; 
Zambetakis-Lekkas, 1988 
Turkey (38): Fleury et al., 1985; Inan, 1996a; Inan, 1996b; Sirel, 1996; Inan, 2002 
Afghanistan (43): Fleury et al., 1985 
Pakistan (46): Fleury et al., 1985 
Croatia (62): Fleury et al., 1985; Gusic et al., 1988; Gusic and Jelaska, 1990 
Slovenia (63): Fleury et al., 1985 
Cyprus (69): Fleury et al., 1985 
Former Yugoslavia (74): Loeblich and Tappan, 1988 
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Figure 8.95: Number of illustrated and not illustrated references in the localities of Laffitteina 
 
For reasons of clarity the locations Croatia (62), Slovenia (63) and former Yugoslavia (74) are 
plotted together in location 84 in figure 8.96. 
 
 
Figure 8.96: Global distribution of Laffitteina in the Late Cretaceous 
 
In the Late Cretaceous Laffitteina shows a superregional distribution in the Tethyan area. It is 
densely distributed in southern Europe between France (31; Blanc, 1975), Spain (32; Fleury et 
al., 1985), Turkey (38; Inan, 1996a, 1996b; Sirel, 1996) and Cyprus (69; Fleury et al., 1985). 
Also in the western part of North Africa this genus can be found in the Late Cretaceous. It 
occurs in the region between Morocco (15; Fleury et al., 1985) and Libya (18; Fleury et al., 
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1985) as well as in Mauritania (19; Loeblich and Tappan, 1988). There are also two records 
known from Asia: Afghanistan (43; Fleury et al., 1985) and Pakistan (46; Fleury et al., 1985). 
8.24.6 Remarks 
Gusic and Jelaska (1990) report ?Laffitteina sp. from the Maastrichtian of Croatia. 
Unfortunately the illustration does not allow confirmation and requires further investigations. 
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8.25 Siderolites 
Suborder ROTALIINA Delage and Hérouard, 1896 
Superfamily ROTALIACEA Ehrenberg, 1839 
Family CALCARINIDAE Schwager, 1876 
Genus SIDEROLITES Lamarck, 1801 
8.25.1 Description 
Siderolites is among the most commonly encountered and most widely known Upper 
Cretaceous larger foraminiferal genera. Lamarck defined the genus Siderolites in the year 
1801. The test of Siderolites is large, with a more or less distinct star-shape. The diameter is 
between 0.2 and 1.4 mm (Visser, 1951). It consists of an involute spiral with about four 
whorls. Several pillars cross the test perpendicular to the direction of coiling from the 
juvenarium to the outside, where they appear as pustules. In the direction of coiling some 
thick large spines arise and give the test the starlike appearance. 
 
 
c) 
 
a) b) 
 
d) 
Figure 8.97: a) - d) S. calcitrapoides Lamarck; a), b) Wannier, 1983, c) Loeblich and Tappan, 1964, d) 
Abramovich et al., 2002 
 
8.25.2 Species 
Type species: Siderolites calcitrapoides Lamarck, 1801+ 
Synonyms: Siderolites Lamarck, 1801+ 
Siderolithes de Montfort, 1808+ 
Species: S. calcitrapoides Lamarck, 1801+ 
S. cataluniensis Wannier, 1983+ 
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S. denticulatus Douvillé, 1906+ 
S. heracleae Arni, 1932+ 
S. laevigata Douvillé+ 
S. praecalcitrapoides Neumann, 1986+ 
S. praevidali Andreieff and Neumann, 1983 
S. vidali Douvillé, 1906+ 
8.25.3 Age 
 Pre-Santonian Santonian Campanian Maastrichtian Paleogene 
CUB (1)   ? X  
DZA (16)    X  
LBY (18)    X  
SAU (22)    X  
OMN (23)   X X  
YEM (25)    X  
SYR (28)    X  
MDG (29) ? ? ? ?  
BEL (30)    X X 
FRA (31)  X X X  
ESP (32)   X X  
GER (33)    X  
Sicily (34)    X  
ITA (35)    X  
GRC (36)   X X  
YUG (37)    X  
TUR (38) ? X X X  
ROM (41)    X  
S-IND (44)    X  
N-IND (45)    X  
PAK (46)   X X  
T-CHN (48)    X  
IRN (56)    X  
NLD (57)    X X 
CHE (58)   X X  
AUT (59)   X X  
HRV (62) ? ? ? ?  
SVN (63)    X  
PHL (65) ? ? ? ? ? 
ZYP (69)  ? ? ?  
SVK/CZE (71)   X   
CHN (73)    X  
Figure 8.98: Stratigraphic range of the genus Siderolites in its reported localities 
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The first secure stratigraphic records of Siderolites are from the Santonian of France (31; 
Séronie-Vivien, 1972) and Turkey (38; Sirel, 1991). From the Campanian it is, beyond further 
European locations, mentioned from Oman (23; Abdelghany, 2003). The main occurrence is 
in the Maastrichtian where it is known from European, African and Asian regions. Further 
there is also one record from Cuba (1; Seiglie and Ayala-Castanares, 1963). Hofker (1966) 
mentioned Siderolites also from the Paleocene of Belgium (30) and the Netherlands (57). It 
seems that Siderolites originated in Turkey in the Turonian with a successive distribution in 
Europe, Africa and Asia. 
8.25.4 Biology 
Siderolites mostly occurs in association with Orbitoides, Sulcoperculina, Omphalocyclus, and 
Lepidorbitoides. Moreover the following genera are reported from most of the same locations: 
Nummofallotia, Dictyopsella, Hellenocyclina, and Sirtina. 
In most cases Siderolites is reported from open platform environments (Azéma et al., 1979; 
Caus, 1988; Mavrikas et al., 1994), but there are also records, which indicate a protected 
habitat (Nagappa, 1959; Caus, 1988). It occurs in shallow marine water of the upper photic 
zone down to about 40 m (Hottinger, 1997). Like its recent relatives it possibly that it lived 
attached to hard substrate in areas of high water energy (Hottinger, 1983; Hallock and Glenn, 
1986; Caus, 1988; Hohenegger, 1999; Langer and Lipps, 2003; Röttger and Krüger, 1990). 
8.25.5 Biogeographic distribution and Faunal Province 
In the Late Cretaceous Siderolites is reported from the following locations (*Senonian/Late 
Cretaceous records, illustrated records, not illustrated records): 
Algeria (16): Fleury et al., 1985 
Libya (18): Fleury et al., 1985 
Saudi Arabia (22): Fleury et al., 1985 
Oman (23): Al-Omari and Sadek, 1976; Abdelghany, 2003 
Yemen (25): Sartorio and Venturini, 1988 
Syria (28): Fleury et al., 1985 
Madagascar (29): Abramovich et al., 2002 
Belgium (30): Hofker, 1966 
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France (31): *Renz, 1936; Papp, 1954; Barrier and Neumann, 1959; Séronie-Vivien, 1972; 
van Gorsel, 1973a; Wannier, 1980; Andreieff and Neumann, 1983; Wannier, 1983; 
Neumann, 1993; Caus et al., 1996 
Spain (32): Pfender, 1935; Hottinger, 1966; Azéma et al., 1979; Caus and Cornella, 1983; 
Wannier, 1983; Fleury et al., 1985; Caus, 1988; Neumann, 1993 
Germany (33): *Visser, 1951; Hagn, 1971 
Sicily (34): *Visser, 1951; Sartorio and Venturini, 1988 
Italy (35): *Visser, 1951; *Luperto Sinni, 1966; Busulini et al., 1984; Sartorio and Venturini, 
1988 
Greece (36): Arni, 1933; *Renz, 1936; *Visser, 1951; Butterlin, 1967; *Fleury, 1977; 
Zambetakis-Lekkas, 1988; Fleury et al., 1990; Mavrikas et al., 1994 
Yugoslavia (37): Papp, 1954 
Turkey (38): Sirel, 1991; Özcan, 1993; Caus et al., 1996; Inan, 1996a; Sirel, 1996; *Meric et 
al., 1997; Özcan and Özkan-Altiner, 1997; Görmüs, 1999; Özcan and Özkan-Altiner, 1999a; 
Özcan and Özkan-Altiner, 1999b; Özkan-Altiner and Özcan, 1999 
Romania (41): Ion, 1975 
S-India (44): Nagappa, 1959; Gowda, 1964; McGowran, 1968; Fleury et al., 1985 
N-India (45): Nagappa, 1959; Wen, 1987 
Pakistan (46): Nagappa, 1959; McGowran, 1968; Kureshy, 1977; Kureshy, 1980; Fleury et 
al., 1985; Wen, 1987; Weiss, 1993 
Tibet (48): Willems et al., 1996 
Iran (56): *Cox, 1937; Al-Omari and Sadek, 1976; Kalantari, 1976; Fleury et al., 1985 
Netherlands (57): Pfender, 1935; *Renz, 1936; Visser, 1951; Papp, 1954; Hofker, 1966; 
Wannier, 1980; Wannier, 1983; Fleury et al., 1985; Loeblich and Tappan, 1988 
Switzerland (58): Renz, 1936; Bignot and Neumann, 1997  
Austria (59): Papp and Küpper, 1953b; Papp, 1954; Papp, 1955b; Papp, 1955c; Papp, 1956; 
Neumann, 1993; Bignot and Neumann, 1997 
Croatia (62): Fleury et al., 1990 
Slovenia (63): Bignot, 1972 
Cyprus (69): *Renz, 1936 
Slovakia (71): Andrusov, 1934; Neumann, 1993 
China (73): Gaetani et al., 1980 
Pyrenees (31/32): Neumann, 1993; Caus et al., 1996 
Czechoslovakia (71/74): Neumann, 1993 
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N Europe, S Europe, N Africa, Middle East, S USSR, India: Dilley, 1973 
Europe, Middle East, India: Loeblich and Tappan, 1988 
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Figure 8.99a: Number of illustrated and not illustrated references in the localities of Siderolites 
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Figure 8.99b: Number of illustrated and not illustrated references in the localities of Siderolites 
 
For reasons of clarity the following locations are plotted together in figure 8.100: Belgium 
(30) and the Netherlands (57) in location 80, Germany (33), Switzerland (58) and Austria (59) 
in location 82, Yugoslavia (37), Croatia (62), and Slovenia (63) in location 84. 
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Figure 8.100: Global distribution of Siderolites in the Late Cretaceous 
 
The genus Siderolites has a superregional distribution in the European and the African Tethys, 
as well as in the Asian region. As the first occurrence is from the Turonian of Turkey, it is 
probable that the genus originated in this region. During the Santonian Siderolites is only 
known from Europe, which supports this hypothesis. In the Campanian the first occurrence 
beyond Europe is from Oman (23; Abdelghany, 2003). In the Maastrichtian Siderolites occurs 
in Europe, Africa and Asia. There is also one record from Cuba (1; Seiglie and Ayala-
Castanares, 1963), but this record cannot be verified by illustrations. 
Siderolites may represent the Cretaceous analog to the modern star-sand foraminifera that are 
distributed within the center of diversity in the Asiatic core region. 
8.25.6 Remarks 
Seiglie and Ayala-Castanares (1963) report Siderolites vanbelleni (van den Bold) and 
Siderolites skourensis (Pfender) from the Maastrichtian of Cuba. Siderolites skourensis, 
however, belongs to the genus Rotalia. In addition, these records cannot be verified, as there 
are neither illustrations in the literature nor detailed descriptions of the specimens.  
Also the record from Luzon, Philippines (65; Hashimoto et al., 1978a) is doubtful. Here 
again, there is no figure of ?Siderolites sp., and the authors did not describe the specimens. 
The illustrated specimens of Siderolites praevidali, S. vidali, and S. charentensis from the 
Campanian and Maastrichtian of France and Spain (Neumann, 1997) all do not possess 
protruding spines, which are characteristic for this genus. It is more likely that these forms 
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belong to the genus ?Praesiderolites. Due to the lack of illustration, which could verify the 
affiliation to the genus Siderolites, the specimen of Siderolites sp. from the Maastrichtian of 
the Netherlands and S. praecalcitrapoides from the Maastrichtian of France (Neumann, 1997) 
are not depicted in the distribution map. 
Van Gorsel (1973b) report Siderolites vidali from the Campanian of France, but the 
illustration does not show the development of spines. 
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9 Discussion 
The discussion of this thesis is divided into three parts. In the first part an interpretation of the 
biogeographic distribution patterns of the analyzed larger foraminifera is given. The analysis 
is mainly based on generic level because a comparison of the global biodiversity patterns of 
hermatypic corals on generic level (Veron, 1995) and that of mangrove taxa on species level 
(Rosen, 1988) demonstrated that both show comparable patterns. For verification some 
foraminiferal taxa were analyzed on species level. When determining distribution patterns, 
which are the ultimate goals of this work, it is important to understand if a genus is 
polyspecific (e.g. Loftusia, Orbitoides, Pseudorbitoides), or monospecific (e.g. Clypeorbis, 
Hellenocyclina, Meandropsina, Rhapydionina, Sirtina, Spirocyclina). Afterwards these 
patterns will be compared to patterns, which were observed in modern larger foraminifera. 
The second part comprises the categorization of faunal provinces in the Late Cretaceous and 
focusses on the difference to those in modern counterparts. In the third section the diversity of 
the Late Cretaceous larger foraminifera will be analyzed and the development of patterns of 
biodiversity through time will be discussed. 
 
9.1 Biogeographic Patterns of Larger Foraminifera 
The analysis of the global distribution of the 25 genera of Late Cretaceous larger foraminifera 
revealed that most of these taxa occur in the tropical and subtropical latitudes, which ranges 
between approximately 30° North and 30° South. This distribution strongly correlates with 
the Late Cretaceous carbonate platforms distribution (Chapter 2 “Material and Methods”; 
Figure 2.2), which were situated in a belt between 30° South and 35° North. Therefore it is 
possible to use warm water carbonates as a hint to the occurrence of larger foraminifera. 
However, many of the analyzed genera also occur outside of this belt. Some of those genera 
reach latitudes of 45° North and 40° South. The northernmost locations in Europe are Sweden 
(site 40), Belgium (30), and the Netherlands (site 57). In North America, Louisiana and 
Mississippi (site 4) and Texas (site 5), the northernmost locations, do not reach the latitudinal 
extension of the European sites. The northernmost locations in Asia are Malaysia (site 64) and 
the Philippines (site 65), which are situated near the Late Cretaceous equator. The extreme 
distributions of the genera to the north might be the result of the nordwards directed oceanic 
heat transport from the equator to the poles. In the European area, this phenomenon is 
supported by the huge carbonate shelf regions. In the Atlantic and in the Pacific coastal 
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regions, however, the water temperatures were much lower, which results in a restricted 
northward distribution. 
The southernmost locations are Madagascar (site 29) and South-India (site 44). These 
locations are situated about 40° South. Remarkable is that the southernmost location of South 
America, Colombia (site 11), is situated near the Late Cretaceous equator. The absence of 
locations further in the south can be explained by the cold water currents, which result from 
the Southern Pacific Gyre.   
Some patterns in the latitudinal as well as in the longitudinal distribution are particularly 
prominent. Restricted to the 30° belts are the genera Loftusia, Pseudedomia, Raadshoovenia, 
and Rhapydionina. These genera only occur in the European-African Tethys and do not cross 
the Atlantic or the Pacific Ocean. The genus Chubbina only occurs in the Caribbean region in 
the northern part of the 30° belt. Also restricted to the European-African region, but with a 
more northward distribution are the genera Dictyopsella, Lacazina, Meandropsina, 
Nummofallotia, Clypeorbis, Helicorbitoides, and Hellenocyclina. With the exception of the 
genus Hellenocyclina, all these genera exclusively occur in the European Tethyan area. 
Hellenocyclina, however, also occurs in the northern part of Africa. Spirocyclina and 
Subalveolina are only known from locations north of the 30° belt. Both genera are endemic to 
France (site 31). Inside of the belt as well as north and south of the belt occur the genera 
Lepidorbitoides, Omphalocyclus, Orbitocyclina, Orbitoides, Siderolites, and Sirtina. 
Resulting from the above described distribution of the analyzed genera some distinct patterns 
are obvious. These patterns can be divided into three categories of distribution: 1) regional, 2) 
superregional, and 3) circumtropical distribution. These categories are distinguished by their 
geographical extension. 
The regional distribution is characterized by a very restricted spatial, “local” extension. The 
records of a genus are separated by areas of shallow-water or very narrow passages of deep-
sea water. This pattern is realized in the genera Chubbina, Lacazina, Meandropsina, 
Spirocyclina, and Subalveolina. Their latitudinal and longitudinal distribution does not exceed 
15°, and these genera are only found north of the equator. These taxa seem to be very 
specialized and sensitive to changes in ecological features, such as temperature, habitat or 
nutrients. 
The second category represents a “superregional” distribution, which is characterized by a 
much wider geographical extension than the regional distribution pattern. This might include 
a distribution across a broad deep-water seaway, as in the Caribbean region, where during the 
Late Cretaceous the shallow-water areas of North America and South America were divided 
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by deep-water passages. It also includes the great distances in the Tethyan area between 
southern Europe and Africa. The latitudinal distribution ranges between 20° and 40°, the 
longitudinal extension between 20° and 25°. This distribution pattern is displayed by the 
genera Clypeorbis, Helicorbitoides, Hellenocyclina, Loftusia, Nummofallotia, Pseudedomia, 
and Raadshoovenia. Some genera show a more expanded distribution: Laffitteina, Siderolites, 
and Sirtina exhibit a superregional distribution with some distantly situated locations. All 
these taxa appear to be more tolerant in their ecological constraints than the genera showing a 
regional distribution. The features limiting their distribution seem to be the availability of 
stepping stones and the temperature gradient. 
The third distribution pattern is global-circumtropical. Here, the genera show a global 
distribution with a restriction to the subtropical and tropical belt. This pattern is realized in the 
genera Lepidorbitoides, Omphalocyclus, and Orbitoides. 
Beside these categories there are also some genera whose distribution pattern can not be 
assigned to only one of those categories but show a transition of the different patterns. The 
genera Dictyopsella and Rhapydionina show a transition between the regional and the 
superregional pattern, while a superregional-circumtropical pattern is realized in the genera 
Cuneolina, Orbitocyclina, Pseudorbitoides, Sulcoperculina, and Vaughanina. These last 
genera show a superregional distribution pattern but some of the locations are very far apart. 
This is mainly realized in genera of the Carribbean area, where some locations are situated far 
out in the Pacific Ocean. These occurrences can be explained by the existence of suitable 
stepping stones, which facilitated the distribution towards the west.   
 
The comparison with the biogeographic distribution of modern larger symbiont-bearing 
foraminifera, which were analyzed by Langer and Hottinger (2000), shows similar patterns. 
Here again three categories, regional, superregional and global-circumtropical, are distinct. 
Examples for these patterns are Cyclorbiculina compressa (regional distribution), 
Marginopora vertebralis (superregional distribution) and Amphisorus hemprichii (global-
circumtropical distribution). 
Both, modern and fossil biogeographic patterns show that there are great differences in the 
grade of distribution of symbiont-bearing larger foraminifera. Some genera only occur in a 
small area, while other genera do not show any restriction in their longitudinal distribution. 
But what is the reason for this phenomenon? In what way are the global distributed 
foraminifera different from the others? What mechanisms push these differences, as the 
mechanisms of distribution are the same in all larger foraminifera, as well as the sea surface 
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currents are the same too. These questions are quite complicated and still not yet resolved and 
need therefore further investigations.  
As mentioned above the longitudinal distribution needs more investigations but an obvious 
reason for the latitudinal distribution seems to be the temperature. In the Late Cretaceous the 
global distribution of larger foraminifera is limited to a belt, which is defined by the 45° 
North and 40° South latitudes. Today, the latitudinal extention is much narrower. The 
distribution of modern larger foraminifera is limited to within 36° North and 34° South 
(Langer and Hottinger, 2000). 
The differences are probably due to the extension of climatic belts. The Late Cretaceous was 
characterized by much higher temperatures than today. This led to higher sea surface 
temperatures, which enabled the foraminifera to extend towards more polewards regions.  
Always a point of great interest is the origination center of the genera. This aspect can be 
examined with the comparison of the occurrences of the genera in different time slices. The 
analysis of some genera offers a good possibility for an interpretation (Clypeorbis, 
Hellenocyclina, etc.), while other genera do not show such a clear picture.  
It is not possible to identify an origination center for following genera: Chubbina, Cuneolina, 
Helicorbitoides, Laffitteina, Lepidorbitoides, Nummofallotia, Omphalocyclus, Orbitocyclina, 
Orbitoides, Pseudedomia, Pseudorbitoides, Raadshoovenia, Sirtina, and Spirocyclina, as 
there are records from several locations at the same time. 
The genera Dictyopsella, Loftusia, and Siderolites seem to have been originated in the eastern 
part of the Mediterranean Tethys, while the fossil record of Clypeorbis, Hellenocyclina, 
Lacazina, Meandropsina, and Subalveolina hints to an origination center in the western part 
of the Mediterranean Tethys. Rhapydionina seems to have originated in the median part. The 
origin of Sulcoperculina and Vaughanina is situated in the Caribbean area. 
Regarding the aspect of the origination center it has to be mentioned that the fossil record may 
be incomplete, so that further investigations might change the results. 
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9.2 Faunal Provinces of Larger Foraminifera 
An analysis of the biogeographic distribution pattern of the Late Cretaceous larger 
Foraminifera led to four Faunal Provinces (FP). These are characterized by the presence and 
absence of the foraminiferal taxa (Figure 9.1).  
 
 Caribbean 
FP 
European FP - 
West 
European FP - 
East African FP Asian FP 
Chubbina X     
Clypeorbis  X X   
Cuneolina X X X X  
Dictyopsella  X X   
Helicorbitoides  X X   
Hellenocyclina  X X X  
Lacazina  X X   
Laffitteina  X X X X 
Lepidorbitoides X X X X X 
Loftusia   X X  
Meandropsina  X    
Nummofallotia  X X   
Omphalocyclus X X X X X 
Orbitocyclina X X   X 
Orbitoides X X X X X 
Pseudedomia  X X X  
Pseudorbitoides X     
Raadshoovenia  X X X  
Rhapydionina   X X  
Siderolites  X X X X 
Sirtina  X X X  
Spirocyclina  X    
Subalveolina  X    
Sulcoperculina X     
Vaughanina X     
Figure 9.1: Late Cretaceous Faunal Provinces (FP) and their larger foraminiferal content 
 
The Faunal Provinces (FP) are named after their geographical position: 1) Caribbean FP, 2) 
Asian FP, 3a) European FP, and 3b) African FP (Figure 9.2). 
 
The Caribbean Faunal Province (CFP) comprises the “modern” Caribbean from the southern 
USA (Florida, Louisiana, Mississippi, and Texas), along Mexico, Guatemala, Puerto Rico, 
Cuba, Jamaica, Haiti, to Venezuela and Colombia. Hawaii, the Line Islands and the Marshall 
Islands in the Pacific Ocean also belong to the CFP. As is discussed in chapter 4.2 
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“Paleoceanography” in the Late Cretaceous, these islands were situated closer to the 
Caribbean region and shallow-marine “stepping-stones” facilitated the distribution from the 
Caribbean. It is prominent that the CFP is mainly situated on the northern hemisphere. The 
extension of this faunal province is limited by the presence of the genera Chubbina, 
Pseudorbitoides, Sulcoperculina, and Vaughanina. The CFP is also defined by the absence of 
the following genera: Clypeorbis, Cuneolina, Dictyopsella, Helicorbitoides, Hellenocyclina, 
Lacazina, Laffitteina, Loftusia, Meandropsina, Nummofallotia, Pseudedomia, Raadshoovenia, 
Rhapydionina, Siderolites, Sirtina, Spirocyclina, and Subalveolina. 
The Asian Faunal Province (ASP) includes the area between India, Pakistan, the Philippines, 
and Australia. The southernmost location in this province is South India (44), which is 
situated around 40° S. It is the southernmost record of all analyzed larger foraminifera in the 
Late Cretaceous. The Asiatic region is the most widely spread and complicated faunal 
province of all. This is due to the paleogeographic situation. The broad seaway of the Pacific 
Ocean separates the three major shelf regions, which occur along the Asiatic continent in the 
north, and India and Madagascar in the south. There are no “stepping stones” like in the 
Caribbean Faunal Province. The Pacific Islands did not yet exist or were much closer to the 
American continents (e.g. Nauru, the Line Islands, Hawaii) and therefore belong to the 
Caribbean Faunal Province as discussed previously. Contrary to the Caribbean Faunal 
Province, the ASP is predominately situated on the southern hemisphere. The number of 
genera that occur in this region is small. Unlike the other Late Cretaceous Faunal Provinces, 
the ASP is not characterized by endemic taxa. Instead, the presence of circumtropical taxa 
(Lepidorbitoides, Omphalocyclus, and Orbitoides) and the absence of all other analyzed 
genera define this Faunal Province. Additionally there are few records of Laffitteina, 
Orbitocyclina, and Siderolites in this Province, but these are restricted to the western part of 
the Province.  
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Figure 9.2: Late Cretaceous Faunal Provinces 
 
A major biogeographic region is the Mediterranean Tethyan area between Europe and Africa. 
This realm is divided in the European Faunal Province (EFP) and the African Faunal Province 
(AFP). These are characterized as subprovinces, as they adjoin in the Tethys where the limits 
often cannot strictly be drawn. Most of the genera show a main distribution in the European 
part of the Tethys with only few records from the African part (e.g. Cuneolina, 
Hellenocyclina, Raadshoovenia, Rhapydionina, and Sirtina). Contrary, a dominant 
distribution in the African Tethys with few records from the European part is not realized. 
This would support the assumption that the center of origin is situated in the European Faunal 
Province and that the occurrences in the African Tethys are the result of dispersion. 
The European Faunal Province ranges between Spain (32), Sweden (40), South Russia (42) 
and Iran (56). The southern border is marked by the locations Sardinia (72), Sicily (34), 
Greece (36), and Cyprus (69). The northernmost location in the EFP is southern Sweden (40). 
It is situated about 45° N. It is the northernmost location in the distribution of the analyzed 
Late Cretaceous larger foraminifera. The European Faunal Province, which is completely 
positioned on the northern hemisphere, bears a particularly high diversity, which includes the 
presence of the genera Clypeorbis, Cuneolina, Dictyopsella, Helicorbitoides, Hellenocyclina, 
Lacazina, Laffitteina, Lepidorbitoides, Loftusia, Meandropsina, Nummofallotia, 
Orbitocyclina, Orbitoides, Omphalocyclus, Pseudedomia, Raadshoovenia, Rhapydionina, 
Siderolites, Sirtina, Spirocyclina, and Subalveolina. The EFP further seems to be divisible 
into a western and an eastern part. The western part comprises the locations between Sweden 
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(40), Belgium (30), the Netherlands (57), France (31), Portugal (39), Spain (32), Switzerland 
(58) and Austria (59). The localities east of Italy (35) and Sicily (34) belong to the eastern 
part. The split is clearly visible in the genera Lacazina, Meandropsina, Spirocyclina, and 
Subalveolina whose occurrence in the Tethyan area is restricted to the western part, whereas 
Loftusia and Rhapydionina only occur in locations, which are situated in the eastern part. The 
genera Chubbina, Sulcoperculina, Pseudorbitoides, and Vaughanina are absent from the EFP. 
The African Faunal Province comprises the locations, which are situated on the continental 
shallow water shelf along North Africa between Morocco (15), Syria (28), Oman (23), and 
Somalia (26). Further, this Faunal Province also contains a location in West of Africa, 
Mauritania (19), as well as in Madagascar (29). As discussed above, this Faunal Province is 
closely related to the European Faunal Province. There are no genera that exclusively occur in 
the AFP, they always also occur in the European Faunal Province. The AFP is characterized 
by the presence of Cuneolina, Hellenocyclina, Laffitteina, Lepidorbitoides, Loftusia, 
Omphalocyclus, Orbitoides, Pseudedomia, Raadshoovenia, Rhapydionina, Siderolites, and 
Sirtina, and the absence of Caribbean genera (Chubbina, Pseudorbitoides, Sulcoperculina, 
and Vaughanina) and endemic European genera (Clypeorbis, Dictyopsella, Helicorbitoides, 
Lacazina, Meandropsina, Nummofallotia, Spirocyclina, and Subalveolina). 
A comparison of the Faunal Provinces from the Late Cretaceous with those of the Tertiary 
and today shows strong analogies. In every time slice three major regions, the Caribbean, the 
Tethyan and the Asiatic one, are distinguishable. 
The three faunal provinces of the Tertiary, 1) Central America, 2) Tethys, and 3) Indo-West 
Pacific, which Adams (1967, 1983) has established, have nearly the same extensions as the 
Late Cretaceous ones. Adams (1967) also notes a split of the Tethys in a western part, the 
Mediterranean, and an eastern part that comprises the area east of Iran and Iraq. Adams 
(1967) also interprets the area in the western Tethys as a center of dispersal in the Paleogene. 
The comparison with the modern faunal provinces indicates more differences. The extension 
of the Caribbean Faunal Province is nearly the same, with the exception that in the Late 
Cretaceous some of the Pacific Islands (Nauru, the Line Islands, and Hawaii) were situated 
closer to the American continents, so that they are attached to the Caribbean Faunal Province. 
In the other two realms the differences are more distinct. The Late Cretaceous subdivision in 
the Tethys does not exist today. Instead there is one faunal province at the western side of the 
Indian Ocean, which is certainly due to the geographic situation. While in the Cretaceous a 
broad seaway dominated this region, this connection is interrupted today. In the Asian region 
this circumstance is reversed. In the Late Cretaceous one Faunal Province was situated in this 
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region while today two faunal provinces, the Inner, Central Pacific province and the Central 
Indopacific realm are present. This again is explained by the geographic setting. In the Late 
Cretaceous this region was dominated by a huge seaway without intercalated islands, while 
today this region is the most differentiated region at all.  
The latitudinal extension of the faunal provinces has also changed significantly. While in the 
Late Cretaceous the maximal extension was between 45° North and 40° South Latitude, the 
modern faunal provinces do not exceed 35° North and South (Langer and Hottinger, 2000). 
The occurrence of larger foraminifera during the Tertiary is roughly given with around 50° 
North and 50° South (Adams, 1967). These variances can be explained with the changes in 
temperature throughout the earth history. The Cretaceous and the Tertiary climates were much 
warmer than today, which resulted in a much broader subtropical and tropical belt. 
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9.3 Diversity of Larger Foraminifera 
On the basis of the biogeographical distribution of the larger foraminifera it is possible to 
make statements about the diversity in the Late Cretaceous. This discussion is based on 
generic level. In appendix 13.4 “Diversity in the Localities” the existence of the analyzed 
foraminiferal genera in the different locations is given. The diversity can be expressed in 
several ways. 
In the first method, the number of genera in each location of the different Faunal Provinces 
(Figures 9.3a-d) is given. By this way a survey of the spatial distribution of diversity within a 
Faunal Province becomes clear. The diversity peaks can be located and characterized. Similar 
characteristics of the diversity maxima in the Faunal Provinces hint at the constraints, which 
rest on the ecological environments of the larger foraminifera. 
In the Caribbean Faunal Province (Figure 9.3a) the diversity is by far highest at Cuba (site 1). 
Here, 9 of the analyzed 25 genera occur, which is 36 % of all genera under consideration. 
Florida and South Mexico (sites 2 and 3) each contain 7 genera (28 %), while in Venezuela 
(site 10) 6 genera occur (24 %). The lowest diversity can be found in Honduras, Veracruz, 
Papua New Guinea, and Bahamas (sites 8, 14, 51 and 21), each with only one genus.  
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Figure 9.3a: Number of genera in the locations of the Caribbean Faunal Province 
 
The northernmost locations, Louisiana and Mississippi and Texas (sites 4 and 5) contain a 
very low diversity, which is probabely due to the lower temperature. A very astonishing 
aspect is the content of some isolated locations. In the Late Cretaceous the Line Islands, 
Nauru, and Hawaii (sites 49, 50 and 67) were connected to the American landmasses by 
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“stepping stones”, but still isolated by deep-water areas. However, they contain a relative high 
number of genera.  
In the European area (Figure 9.3b) the highest diversity is found in France (site 31) with 17 
genera, which represents 68 % of the genera, followed by Spain (site 32) with 16 of the 25 
genera, which represents 64 %. Greece and Turkey (sites 36 and 38) contain 14 genera (56 
%). This pattern is interesting as both peaks are situated at the opposite ends of the European 
Faunal Province. These peaks are followed by Italy (site 35) with 12 genera (48 %) and 
Yugoslavia (site 37) with 10 genera (40 %). 
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Figure 9.3b: Number of genera in the locations of the European Faunal Province 
 
The lowest diversity is found in Sweden, South Russia, and Albania (sites 40, 42 and 61) each 
with a single genus. The northernmost location in the European Faunal Province is Sweden, 
where the temperature is less high than in the south of the Province, which is reflected in the 
low diversity. 
In Africa (Figure 9.3c) the maximum diversity can be found in the eastern region. Iraq and 
Libya (sites 27 and 18) contain 6 genera (24 %). 
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Figure 9.3c: Number of genera in the locations of the African Faunal Province 
 
Mauritania, Israel, Lebanon, Kuwait, and the United Arab Emirates (sites 19, 53, 54, 55 and 
66) display the lowest diversity with only one genus. Mauritania is situated at the western 
coast of Africa, which explains the low diversity. The low diversity in Israel, Lebanon and 
Kuwait are conspicuous as they are situated in direct neighborhood to Iraq, where the 
diversity is very high. This might be explained with a lack in the fossil record or in sampling. 
The same situation is in the United Arab Emirates, which lies between Oman (site 23) and 
Qatar (site 24), each showing a moderate diversity. Astonishing is also the diversity of 
Madagascar (site 29). It is the second-most southern location, but shows with 5 genera a 
relative high diversity.  
The Asian Faunal Province (Figure 9.3d) contains only a small number of the analyzed 
genera. In Pakistan (site 46) 5 genera (20 %) occur, and Tibet (site 48) contains 4 genera (16 
%).  
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Figure 9.3d: Number of genera in the locations of the Asian Faunal Province 
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Pakistan, North India, South India, and the Philippines (sites 46, 45, 44 and 65) are 
characterized by wide shelf areas, which explain the higher diversity. Tibet, however, does 
not show this character, but also contains a high diversity. The locations in the neighborhood 
of Tibet, Afghanistan (site 43), and China (site 73) exhibit only a low diversity. 
 
 
Figure 9.4: Number of genera in the locations 
 
The position of the diversity peaks in the four Faunal Provinces (Figure 9.4) clearly shows 
that the diversity varies strongly within each province. Often this can be explained by the 
exposed geographic situation. The locations with a high diversity are mostly characterized by 
a huge shelf region. Further they are mostly situated in a great distance to the coast, which 
prevents the contamination of the water with terrestric sediments from rivers. These settings 
provide an ideal living environment for the larger foraminifera, which require warm, 
oligotrophic habitats. 
 
A second method to illustrate the diversity, which is also a geographical approach, is the 
comparison between the Faunal Provinces (Figure 9.5). In this case the number of genera, 
which occur in the whole Faunal Province, is determined and compared with the diversity of 
the other Faunal Provinces.  
Here it is important to look at the entire province. Cuba in the Caribbean Faunal Province, for 
example, contains 9 genera, which represents a high diversity for the location. But in the 
Caribbean realm not more than 9 different genera occur, while in the African Faunal Province 
12 genera occur. However, these genera do not occur all in one location but are distributed 
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over the whole province, so that the highest number of foraminifera, which occur in an 
African location, is 7.  
 
 
Figure 9.5: Generic diversity of Late Cretaceous larger foraminifera (number of genera) 
 
In the Late Cretaceous 21 of the 25 analyzed genera of larger symbiont-bearing foraminifera 
occur in Europe. In Africa 12 genera occur, while the Caribbean realm contains 9 and the 
Asian region 6 genera. With 84 % of the analyzed genera the European area is the hotspot of 
generic diversity of larger symbiont-bearing foraminifera in the Late Cretaceous (Figure 9.6). 
Africa shows a minor diversity peak with 48 % of the analyzed genera. In the Caribbean 
realm the diversity contains 36 %, while the diversity is lowest in the Asian region with 24 %. 
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Figure 9.6: Percentage of the global diversity in the Faunal Provinces 
 
It is very distinct that the diversity in the European Tethys with 84 % of the occuring genera is 
the highest of the prevailing Faunal Provinces. It is nearly twice the diversity of the African 
Tethys (48 %) and the Caribbean region (36 %) and three times as high as the diversity in the 
Asian region (24 %). However, the question remains why the number of genera is so various 
in the adjacent Faunal Provinces like in the European and African Tethys. 
 
A third approach to evaluate diversity is to plot the value of diversity against the latitude 
(Figure 9.7). The number of the occuring genera at latitudes between 40° N and 40° S is 
summarized. Thereby the biogeographic provinces are not taken into consideration. 
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Figure 9.7: Diversity of Late Cretaceous larger foraminifera related to the latitude 
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The diagram in figure 9.7 clearly shows that the diversity of Late Cretaceous larger 
foraminifera is highest in the northern hemisphere between 20° and 30° North. In this region 
about 76 % of the analyzed genera occur. The diversity strongly decreases towards the north 
but also towards the equator. On the southern hemisphere the diversity is only a fourth of this 
value. 
 
These patterns of Late Cretaceous diversity are strikingly different from the modern pattern of 
diversity of shallow-water organisms (larger foraminifera, mangroves and hermatypic corals, 
see Figures 7.2-7.4), where the diversity peak is situated at the equator and decreases towards 
the poles. The reason for the modern diversity pattern can be found in the sea surface 
temperature, which is analoguous to this pattern (see Figure 7.6). The difference in the 
Cretaceous diversity pattern shows that the temperature is not the only constraint for the 
diversity. In the Late Cretaceous the solar irradiation was also highest at the equator like 
today, but the temperature does not correlate with the diversity pattern. 
As a consequence, the larger foraminifera, which are restricted to warm water, show a higher 
occurrence towards the equator. Higher temperatures also increase the mutation rates, which 
are responsible for speciation and thus diversity. The peak in the Late Cretaceous record is not 
quite consistent, which is probably due to the availability of habitats. 
The approach of illustrating the diversity related to the faunal provinces shows a distinctly 
different pattern. While in the Late Cretaceous the highest diversity of larger foraminifera can 
be found in the European area, the center of diversity today is situated in the Indopacific 
region (compare Chapter 7 “Diversity pattern”). The reasons for this displacement can be 
found in an assessment of the features, which are responsible for the creation of high diversity 
regions.  
In modern oceans the available habitats, with shallow warm water, are largest in the 
Indopacific Region. This area is characterized by a huge shelf region with the highest 
percentage of reefs in the world (Figure 7.5), which implies a high number of different 
habitats. By contrast, in the Late Cretaceous the European Tethys contained the most reefs. 
Numerous islands interrupted the huge shelf region, which provided a variety of habitats. In 
addition, in the modern Indopacific as well as in the Cretaceous European Tethys, the water 
temperatures remain high throughout the year. The solar insolation warms up the shallow 
shelf regions, while warm surface currents bring in warm water. These facts support a high 
genetic mutation rate, which increases the biodiversity. 
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10 Conclusions 
The analysis of the biogeographic distribution of 25 genera of Late Cretaceous (Santonian-
Maastrichtian) larger symbiont-bearing foraminifera led to following conclusions: 
 
1) Distribution pattern: 
The taxa show different distribution patterns, reaching from local to global. These patterns are 
distinguishable by their geographical size and were categorized in 
a) regional, 
b) superregional, and  
c) circumtropical units. 
The extension of these units is due to the ecological constraints required by the larger 
foraminifera. Regional taxa are very specialized in temperature, nutrients and habitat, while 
superregional taxa are restricted by the availability of stepping stones and temperature. 
Circumtropical genera are mainly limited in their distribution by temperature. This leads to 
the conclusion, that temperature and ocean currents are the main factors that regulate the 
distribution. 
The comparison to the biogeographic distribution patterns of modern larger foraminifera 
shows similar patterns and the classification into three different biogeographic units is 
possible. A distinct feature in this comparison is that the latitudinal extension of the Late 
Cretaceous larger foraminifera is much wider to the North and to the South. While today the 
extension reaches 35° North and 35° South, in the time slice under consideration the 
foraminiferal distribution is between 45° North and 40° South. This can be explained by the 
much warmer sea surface temperatures in the Late Cretaceous. Another factor is the 
Cretaceous paleogeography. In the Late Cretaceous most of the shelf regions existed on the 
northern hemisphere, especially in the European-North African Tethys. 
  
2) Faunal Provinces: 
Based on the biogeographic distribution of the foraminiferal genera four Faunal Provinces 
(FP) could be established: 
a) Caribbean FP, 
b) Asian FP, 
c) European FP, and 
d) African FP. 
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These bioprovinces are characterized by the presence and absence of certain genera. In the 
Tertiary three Faunal Provinces existed, which show nearly the same extensions, while 
modern larger foraminifera can be allocated to four Faunal Provinces that are distinctly 
different. 
 
3) Diversity: 
The diversity of the Cretaceous larger foraminifera in the several Faunal Provinces can be 
expressed in percentage of all analyzed genera: 
a) European Faunal Province (EFP): 84 % 
b) African Faunal Province (AFP): 48 % 
c) Caribbean Faunal Province (CFP): 36 % 
d) Asian Faunal Province (ASP): 24 % 
The diversity maximum of Late Cretaceous larger foraminifera is situated in the northern 
hemisphere in the European Faunal Province. In the African Faunal Province, the diversity is 
nearly half from the EFP, but still much higher than in the Caribbean Faunal Province. The 
lowest diversity is in the Asian Faunal Province, where the diversity is nearly a fourth of the 
diversity of the EFP. The diversity plotted against latitude shows a diversity peak between 20° 
and 30° North, where 76 % of all genera are present. The diversity in the northern hemisphere 
is three times higher than on the southern hemisphere. In modern larger foraminifera the 
diversity is situated in the Indopacific Region, which is situated near the modern equator. 
 
4) Causal Mechanisms: 
The question remains which mechanisms drive these diversity patterns and causes the changes 
in earth history. This cannot be elucidated completely, because many aspects are involved, 
which influence each other. Some of the main factors are:  
a) Temperature 
b) Sea surface currents 
c) Paleogeography 
The largest shelf regions are situated on the northern hemisphere, in the European area. This 
correlates with the diversity maximum, which is situated in the EFP. The relation 
diversity/latitude supports this theory. The comparison of historical and modern patterns of 
biodiversity and Faunal Provinces shows that the driving mechanisms are the same through 
Earth History and can thus be used to solve geologic problems of the past. 
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13.1 Sampling Material 
Messinia, SW-Peloponnes (Greece): 21.07.-28.07.2003 
 
GRC03-01: Main entrance of Neo Castro, Pylos; Maastrichtian or Middle Eocene; Thin 
sections: GRC-01a, GRC-01b 
GRC03-02: outcrop road Pylos - Methoni, rigth departure at „Club Paradiso“; shortly before 
crossing; Upper Eocene or Middle Eocene; Thin sections: GRC-02a, GRC-02b, GRC-13a, 
GRC-13b 
GRC03-03: left road at crossing of GRC03-02; western side of Mont Ayios Nikolaos; left 
road at crossing at waste dump; Upper Cretaceous or Maastrichtian or Paleocene and Lower 
Eocene; Thin sections: GRC-03, GRC-12a, GRC-12b 
GRC03-04: road Pylos - Methoni; right departure at „Club Paradiso“ to „Paint Center“; 
outcrop directly at departure; Upper Eocene; Thin sections: GRC-04a, GRC-04b 
GRC03-05: coast north of Methoni; south of island Kaliona; Upper Cretaceous; Thin 
sections: GRC-05a, GRC-05b 
GRC03-06: road Methoni - Pylos; opposite of departure to Pidhasos and Kalithea; outcrop 
behind church; Maastrichtian or Middle Eocene; Thin sections: GRC-06-1a, GRC-06-1b 
GRC03-07: hill south of Mont Ayios Nikolaos; same level as northern end of island north of 
Kaliona; Upper Cretaceous or Maastrichtian; Thin sections: GRC-07a, GRC-07b 
GRC03-08: east of GRC03-07; Maastrichtian; Thin sections: GRC-08-1a, GRC-08-1b 
GRC03-09: east of GRC03-08; Maastrichtian or Middle Eocene 
GRC03-10: eastern side of plateau south of Mont Ayios Nikolaos; acre at directly at fence; 
Middle Eocene 
GRC03-11: south of Pylos; departure to hospital; way down to the coast, same level as waste 
dump; left side of road; Maastrichtian; Thin sections: GRC-11a, GRC-11b 
 
Tremp, Catalonia (Spain): 29.09.-03.10.2003 
 
ESP03-01: N 42°02’105“, E 000°53’057“; Santonian 
ESP03-02: N 42°01’908“, E 000°53’005“; accuracy 44 m; Cénomanian, shallow platform; 
Thin sections: ESP-02a, ESP-02b 
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ESP03-03: N 42°01’991“, E 000°53’015“; accuracy 7 m; Lower Santonian; Thin sections 
ESP03-04: N 42°02’020“, E 000°53’029“; accuracy 18 m; Santonian; Thin sections: ESP-
04a, ESP-04b 
ESP03-05: N 42°02’056“, E 000°53’025“; accuracy 6 m; Santonian; Thin sections: ESP-05a, 
ESP-05b 
ESP03-06: N 42°02’231“, E 000°53’063“; accuracy 30 m; Santonian 
ESP03-07: N 42°00’690“, E 000°52’620“; accuracy 18 m; Eozän, Ilerdian; Thin sections: 
ESP-07a, ESP-07b 
ESP03-08: N 42°02’334“, E 000°44’387“; accuracy 9 m; Santonian; Thin sections 
ESP03-09: Montsech; Santonian 
ESP03-10: N 42°12’826“, E 000°53’438“; accuracy 4 m; Santonian 
ESP03-11: N 42°12’068“, E 001°00’077“; accuracy 6 m; Lower Santonian 
ESP03-13: N 42°09’454“, E 000°50’376“; accuracy 11 m; Eozän, Ilerdian 
ESP03-14: N 42°09’258“, E 000°51’447“; Thin sections 
ESP03-15: Weg zum Castello de Mur; N 42°05’381“, E 000°52’221“ 
 
Material provided by Prof. Dr. Lukas Hottinger, Naturhistorisches Museum Basel, 
Switzerland: 
Marseille, La Pomme, Chaine de Regaiguas, France (88206a) 
Jamaica (99303a): Maastrichtian 
Haymana, Central-Anatolia (92530): Maastrichtian 
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13.2 Tables of the Genera 
 
To keep the tables as short as possible, I have summarized some positions (Lithology + 
Facies), while other, which are not of utmost importance for this work were excluded 
(Citation, Formation, Station, Collection Déposée, Abundance), but can seen easily in the 
literature. 
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13.3 Localities 
In this appendix all authors are listed related to the locations where they have worked and the 
related Faunal Province (Caribbean FP: CFP; Asian FP: ASP; European FP: ESP; African FP: 
AFP). 
1) Cuba [CUB; CFP]: Palmer, 1934; Vaughan and Cole, 1943; Caudri, 1944; 
Brönnimann, 1954; Küpper, 1954a, 1954b; Brönnimann, 1955; Renz, 1955; 
Brönnimann, 1957, 1958a; Hanzawa, 1962; Ayala-Castanares, 1963; Seiglie and 
Ayala-Castanares, 1963; Hottinger, 1966; Ellis and Messina, 1967; Krijnen, 1972; 
Dilley, 1973; Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988; de Castro, 
1990; Neumann, 1993; Ismail and Boukhary, 2001 
2) Florida [F-USA; CFP]: Küpper, 1954a; Brönnimann, 1954, 1957, 1958b; Ellis and 
Messina, 1967; Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988; Neumann, 
1993; Ismail and Boukhary, 2001 
3) S-Mexico [S-MEX; CFP]: Ayala-Castanares, 1963; Butterlin, 1967; Myers, 1968; 
Robinson, 1968; Dilley, 1973; Pécheux, 1984; de Castro, 1990; Rosales Dominguez et 
al., 1994  
4) Louisiana, Mississippi [L-USA, M-USA; CFP]: Vaughan and Cole, 1943; 
Brönnimann, 1957; Seiglie and Ayala-Castanares, 1963; Loeblich and Tappan, 1988  
5) Texas [T-USA; CFP]: Frizzell, 1954; Brönnimann, 1957, 1958b; Loeblich and Tappan, 
1988 
6) Jamaica [JAM; CFP]: Vaughan and Cole, 1943; Brönnimann, 1955; Robinson, 1968; 
Krijnen, 1972; Dilley, 1973; Hamaoui and Fourcade, 1973; Loeblich and Tappan, 
1988; Gunter et al., 2002 
7) Haiti [HTI; CFP]: Brönnimann, 1955, 1957; Seiglie and Ayala-Castanares, 1963; 
Butterlin, 1967; Loeblich and Tappan, 1988 
8) Honduras [HND; CFP]: Brönnimann, 1957; Seiglie and Ayala-Castanares, 1963 
9) Guatemala [GTM; CFP]: Brönnimann, 1954, 1955, 1957, 1958b; Ellis and Messina, 
1967; de Castro, 1971; Hamaoui and Fourcade, 1973; Loeblich and Tappan, 1988 
10) Venezuela [VEN; CFP]: Caudri, 1944, 1948; Brönnimann, 1954, 1955; Renz, 1955; 
Seiglie and Ayala-Castanares, 1963; Ellis and Messina, 1967; Loeblich and Tappan, 
1988; Neumann, 1993 
11) Colombia [COL; CFP]: Caudri, 1948 
12) Puerto Rico [PR-USA; CFP]: Brönnimann, 1957; Pessagno, 1962; Seiglie and Ayala-
Castanares, 1963 
13) Dutch West Indies [DWI; CFP]: Caudri, 1944, 1948; Brönnimann, 1954, 1955; Ellis 
and Messina, 1967; Krijnen, 1967, 1972 
14) Veracruz [V-MEX; CFP]: Brönnimann, 1954; Butterlin, 1967; Ellis and Messina, 
1967 
15) Morocco [MAR; AFP]: Fleury et al., 1985 
16) Algeria [DZA; AFP]: Schlumberger and Choffat, 1904; Ellis and Messina, 1967; 
Hamaoui and Fourcade, 1973; Fleury et al., 1985; de Castro, 1990; Neumann, 1993; 
Caus et al., 1996; Ismail and Boukhary, 2001  
17) Tunisia [TUN; AFP]: Renz, 1936; Ellis and Messina, 1967; Hamaoui and Fourcade, 
1973; Fleury et al., 1985; Loeblich and Tappan, 1988 
18) Libya [LBY; AFP]: Brönnimann and Wirz, 1962; Ellis and Messina, 1967; Fleury et 
al., 1985; Loeblich and Tappan, 1988; de Castro, 1990; LeBlanc, 2000; Ismail and 
Boukhary, 2001 
19) Mauritania [MRT; AFP]: Loeblich and Tappan, 1988 
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20) Egypt [EGY; AFP]: de Castro, 1990; Ismail and Boukhary, 2001 
21) Bahamas [BHS; CFP]: Kureshy, 1980 
22) Saudi Arabia [SAU; AFP]: Fleury et al., 1985; Meric and Görmüs, 2001; Meric et al., 
2001 
23) Oman [OMN; AFP]: Cox, 1937; Al-Omari and Sadek, 1976; Fleury et al., 1990; Meric 
and Görmüs, 2001; Meric et al., 2001; Abdelghany, 2003 
24) Qatar [QAT; AFP]: Hamaoui and Fourcade, 1973; Fleury et al., 1985; Loeblich and 
Tappan, 1988; Fleury et al., 1990; Görmüs, 1999; Meric and Görmüs, 2001; Meric et 
al., 2001 
25) Yemen [YEM; AFP]: Fleury et al., 1985; Sartorio and Venturini, 1988; Fleury et al., 
1990 
26) Somalia [SOM; AFP]: Fleury et al., 1985; Fleury et al., 1990; Neumann, 1993 
27) Iraq [IRQ; AFP]: Hamaoui and Fourcade, 1973; Al-Omari and Sadek, 1976; Fleury et 
al., 1985; Loeblich and Tappan, 1988; Fleury et al., 1990; Meric and Görmüs, 2001; 
Meric et al., 2001 
28) Syria [SYR; AFP]: Ellis and Messina, 1967; Fleury et al., 1985; Loeblich and Tappan, 
1988; Fleury et al., 1990; Ismail and Boukhary, 2001; Meric and Görmüs, 2001; Meric 
et al., 2001; Mouty et al., 2003 
29) Madagascar [MDG; AFP]: Visser, 1951; Fleury et al., 1985; Abramovich et al., 2002 
30) Belgium [BEL; EFP]: Hofker, 1966; Bignot and Neumann, 1997 
31) France [FRA; EFP]: Schlumberger, 1899, 1903; Grossouvre, 1904; Paquier, 1904; 
Schlumberger and Choffat, 1904; Reichel, 1936; Renz, 1936; Visser, 1951; Ciry and 
Dupérier, 1950; Papp and Küpper, 1953a; Reichel, 1953; Küpper, 1954b; Papp, 1954, 
1955a, 1956; Dalbiez, 1958; Barrier and Neumann, 1959; Maync, 1959; Hanzawa, 
1962; Gendrot, 1965; Hottinger, 1966; Ellis and Messina, 1967; Gendrot, 1968; van 
Hinte, 1968; Dupeuble et al., 1972; Neumann, 1972; Séronie-Vivien, 1972; van 
Gorsel, 1973a, 1973b; Blanc, 1975; Moreau et al., 1978; Wannier, 1980; Andreieff 
and Neumann, 1983; Wannier, 1983; Drooger, 1984; Verhallen et al., 1984; Baumfalk 
and van Hinte, 1985; Fleury et al., 1985; Loeblich and Tappan, 1985; Caus and 
Hottinger, 1986; Caus et al., 1988; Loeblich and Tappan, 1988; Meertens and 
Drooger, 1988; Hottinger et al., 1989; Marie, unpubl.; de Castro, 1990; Neumann, 
1993; Gischler et al., 1994; Caus et al., 1996; Bignot and Neumann, 1997; Meric et al., 
1997; Neumann, 1997; Ismail and Boukhary, 2001; Aguilar et al., 2002; Hottinger and 
Caus, in press 
32) Spain [ESP; EFP]: Schlumberger, 1898, 1899; Pfender, 1935; Renz, 1936; Bonte, 
1942; Visser, 1951; Küpper, 1954b; Hottinger, 1966; Hofker, 1967; de Castro, 1971; 
Neumann, 1972; Hamaoui and Fourcade, 1973; Azéma et al., 1979; Caus and 
Cornella, 1983; Wannier, 1983; Caus and Vicens, 1984; Fleury et al., 1985; Loeblich 
and Tappan, 1985; Caus and Hottinger, 1986; Caus, 1988; Caus et al., 1988; Loeblich 
and Tappan, 1988; Hottinger et al., 1989; de Castro, 1990; Neumann, 1993; Gischler 
et al., 1994; Caus et al., 1996; Meric et al., 1997; Neumann, 1997; Görmüs, 1999; 
Hottinger and Caus, in press 
33) Germany [DEU; EFP]: Visser, 1951; Hagn, 1971; Neumann, 1972; Hagn, 1981; 
Fleury et al., 1985 
34) Sicily [Si-ITA; EFP]: Visser, 1951; Ellis and Messina, 1967; Sartorio and Venturini, 
1988; de Castro, 1990; Ismail and Boukhary, 2001 
35) Italy [ITA; EFP]: Renz, 1936; Visser, 1951; Colalongo, 1963; de Castro, 1965; 
Luperto Sinni, 1965, 1966; Ellis and Messina, 1967; Luperto Sinni, 1968; de Castro, 
1971; Bignot, 1972; Hamaoui and Fourcade, 1973; Luperto Sinni, 1976; Luperto Sinni 
and Ricchetti, 1978; Ricchetti and Luperto Sinni, 1979; Busulini et al., 1984; Fleury et 
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al., 1985; de Castro, 1988; Loeblich and Tappan, 1988; Sartorio and Venturini, 1988; 
de Castro, 1990; Fleury et al., 1990; Görmüs, 1999; Ismail and Boukhary, 2001; Meric 
and Görmüs, 2001; Meric et al., 2001 
36) Greece [GRC; EFP]: Arni, 1933; Renz, 1936; Visser, 1951; Butterlin, 1967; Ellis and 
Messina, 1967; Hamaoui and Fourcade, 1973; Fleury and Godfriaux, 1974; Richter, 
1974; Kalkreuth et al., 1976; Richter and Mariolakos, 1976; Fleury, 1977; Fleury et 
al., 1979; Fleury et al., 1985; Loeblich and Tappan, 1988; Zambetakis-Lekkas, 1988; 
de Castro, 1990; Fleury et al., 1990; Mavrikas et al., 1994; Görmüs, 1999; Ismail and 
Boukhary, 2001; Meric and Görmüs, 2001; Meric et al., 2001; Landrein et al., 2001 
37) Yugoslavia [YUG; EFP]: Papp, 1954; Bignot, 1972; Hamaoui and Fourcade, 1973; 
Fleury et al., 1985; Gusic et al., 1988; Loeblich and Tappan, 1988; de Castro, 1990; 
Fleury et al., 1990; Gusic and Jelaska, 1990; Meric and Görmüs, 2001; Meric et al., 
2001 
38) Turkey [TUR; EFP]: Arni, 1933; Ellis and Messina, 1967; Meric, 1967; Neumann, 
1972; Fleury et al., 1985; Loeblich and Tappan, 1988; de Castro, 1990; Fleury et al., 
1990; Meric and Coruh, 1991; Sirel, 1991; Neumann, 1993; Özcan, 1993; Sirel, 1995; 
Caus et al., 1996; Görmüs, 1996; Inan, 1996a, 1996b; Inan et al., 1996; Sirel, 1996; 
Meric et al., 1997; Özcan and Özkan-Altiner, 1997; Görmüs, 1999; Özcan and Özkan-
Altiner, 1999a, 1999b; Özkan-Altiner and Özcan, 1999; Meric and Görmüs, 2001; 
Meric et al., 2001; Inan, 2002; Sari and Özer, 2002; Hottinger and Caus, in press 
39) Portugal [POR; EFP]: Schlumberger and Choffat, 1904; Renz, 1936; Bonte, 1942; 
Loeblich and Tappan, 1988 
40) Sweden [SWE; EFP]: van Gorsel, 1973b; Loeblich and Tappan, 1988; Sirel, 1995; 
Bignot and Neumann, 1997 
41) Romania [ROM; EFP]: Renz, 1936; Hamaoui and Fourcade, 1973; Bratu, 1975; Ion, 
1975; Loeblich and Tappan, 1988; de Castro, 1990 
42) S-Russia [RUS; EFP]: Bonte, 1942; Ellis and Messina, 1967; Fleury et al., 1985 
43) Afghanistan [AFG; ASP]: Fleury et al., 1985 
44) S-India [S-IND; ASP]: Visser, 1951; Nagappa, 1959; Gowda, 1964; McGowran, 1968; 
Fleury et al., 1985 
45) N-India [N-IND; ASP]: Nagappa, 1959; Gaetani et al., 1980; Wen, 1987 
46) Pakistan [PAK; ASP]: Renz, 1936; Nagappa, 1959; Ellis and Messina, 1967; 
McGowran, 1968; Kureshy, 1977, 1980; Fleury et al., 1985; Wen, 1987; Neumann, 
1993; Weiss, 1993; Ismail and Boukhary, 2001 
47) Indonesia [IDN; ASP]: Silvestri, 1925; Wanner, 1931; Yabe and Hanzawa, 1931; 
Fleury et al., 1985; Loeblich and Tappan, 1988; Pringgoprawiro et al., 1998 
48) Tibet [T-CHN; ASP]: Renz, 1936; Nagappa, 1959; Ellis and Messina, 1967; Mu et al., 
1973; Ho et al., 1976; Sun and Zhang, 1983; Fleury et al., 1985; Wen, 1987; Loeblich 
and Tappan, 1988; de Castro, 1990; Butterlin, 1992; Willems et al., 1996; Ismail and 
Boukhary, 2001; Zhang et al., 2002 
49) Line Islands (Kiribati) [KIR; CFP]: Premoli Silva and Brusa, 1981; Schlanger and 
Premoli Silva, 1981; Butterlin, 1992 
50) Nauru [NRU; CFP]: Premoli Silva and Brusa, 1981; Schlanger and Premoli Silva, 
1981; Butterlin, 1992 
51) Papua New Guinea [PNG; CFP]: Yabe and Hanzawa, 1931; Brönnimann, 1955; 
Crespin, 1962; Seiglie and Ayala-Castanares, 1963; Ellis and Messina, 1967; 
McGowran, 1968; Fleury et al., 1985; Butterlin, 1992; Neumann, 1993 
52) NE-Mexico [NE-MEX; CFP]: Butterlin, 1967; Loeblich and Tappan, 1988; Butterlin, 
1992; Aguilar et al., 2002; Caus et al., 2002 
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53) Israel [ISR; AFP]: Hamaoui and Fourcade, 1973; de Castro, 1988; Loeblich and 
Tappan, 1988 
54) Lebanon [LEB; AFP]: Saint-Marc, 1973; Loeblich and Tappan, 1988 
55) Kuwait [KWP; AFP]: Fleury et al., 1985; Loeblich and Tappan, 1988; Görmüs, 1999 
56) Iran [IRN; EFP]: Carpenter and Brady, 1869; Douvillé, 1904; Renz, 1936; Cox, 1937; 
Brönnimann and Wirz, 1962; Al-Omari and Sadek, 1976; Kalantari, 1976; Rahaghi, 
1976; Hottinger, 1981; Fleury et al., 1985; Loeblich and Tappan, 1988; Sartorio and 
Venturini, 1988; Rahaghi, 1989; de Castro, 1990; Fleury et al., 1990; Meric and 
Coruh, 1991; Görmüs, 1999; Meric and Görmüs, 2001; Meric et al., 2001 
57) Netherlands [NLD; EFP]: Grossouvre, 1904; Pfender, 1935; Renz, 1936; Visser, 1951; 
Papp, 1954, 1955a; Renz, 1955; Hanzawa, 1962; Hofker, 1966; Ellis and Messina, 
1967; Dupeuble et al., 1972; Neumann, 1972; Wannier, 1980, 1983; Fleury et al., 
1985; Caus et al., 1988; Loeblich and Tappan, 1988; de Castro, 1990; Neumann, 1993; 
Caus et al., 1996; Neumann, 1997; Ferràndez-Canadell, 2000; Ismail and Boukhary, 
2001; Aguilar et al., 2002 
58) Switzerland [CHE; EFP]: Pfender, 1935; Renz, 1936; Visser, 1951; Ellis and Messina, 
1967; Wannier, 1983; Fleury et al., 1985; Loeblich and Tappan, 1988; de Castro, 
1990; Bignot and Neumann, 1997; Ismail and Boukhary, 2001 
59) Austria [AUT; EFP]: Visser, 1951; Papp and Küpper, 1953a, 1953b; Papp, 1954; 
Brönnimann, 1955; Papp, 1955a, 1955b, 1955c, 1956; Loeblich and Tappan, 1988; de 
Castro, 1990; Butterlin, 1992; Neumann, 1993; Sirel, 1995; Caus et al., 1996; Bignot 
and Neumann, 1997; Aguilar et al., 2002 
60) Macedonia [MKD; EFP]: Butterlin, 1967; Meric and Görmüs, 2001; Meric et al., 2001 
61) Albania [ALB; EFP]: Fleury et al., 1985 
62) Croatia [HRV; EFP]: Bignot, 1972; Hamaoui and Fourcade, 1973; Fleury et al., 1985; 
Gusic et al., 1988; Fleury et al., 1990; Gusic and Jelaska, 1990; Meric et al., 2001 
63) Slovenia [SVN; EFP]: Bignot, 1972; de Castro, 1972; Reichel, 1984; Fleury et al., 
1985; Sartorio and Venturini, 1988; de Castro, 1990; Fleury et al., 1990 
64) Malaysia [MYS; ASP]: McGowran, 1968 
65) Philippines [PHL; ASP]: Hashimoto et al., 1978a, 1978b; Azéma et al., 1979; 
Hashimoto and Matsumaru, 1981; Hashimoto, 1982; Hashimoto and Matsumaru, 
1984; Fleury et al., 1985 
66) United Arab Emirates [ARE; AFP]: de Castro, 1988 
67) Hawaii [H-USA; CFP]: Premoli Silva and Brusa, 1981; Butterlin, 1992 
68) Mexico undifferentiated [MEXu; CFP]: Caudri, 1944; Brönnimann, 1955, 1957; 
Hanzawa, 1962; Seiglie and Ayala-Castanares, 1963; Hamaoui and Fourcade, 1973; 
Butterlin, 1981; Caus and Hottinger, 1986; Loeblich and Tappan, 1988; Neumann, 
1993 
69) Cyprus [ZYP; EFP]: Renz, 1936 ; Fleury et al., 1985 
70) Birma/Myanmar [MMR; ASP]: Fleury et al., 1985 
71) Slowakei [SVK; EFP] + Czech Republic [CZE; EFP]: Andrusov, 1934; Neumann, 
1993 
72) Sardinia [Sa-ITA; EFP]: Busulini et al., 1984; Fleury et al., 1985; Hottinger et al., 
1989 
73) China [CHN; ASP]: Gaetani et al., 1980; Sun and Zhang, 1983 
74) former Yugoslavia [YUGf; EFP]: Loeblich and Tappan, 1988; Fleury et al., 1990 
75) Jordan [JOR; EFP]:Al-Harithi, 1986 
 
Assorted localities: 
80) Belgium (30) + The Netherlands (57) 
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81) Israel (53) + Lebanon (54) 
82) Germany (33) + Switzerland (58) + Austria (59) 
83) Greece (36) + Macedonia (60) + Albania (61) 
84) Yugoslavia (37) + Croatia (62) + Slovenia (63) + former Yugoslavia (74) 
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13.4 Diversity in the Localities 
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1 X  X      X    X X X  X       X X 9 
2 X        X     X X  X       X X 7 
3 X            X X X  X       X X 7 
4              X   X         2 
5                 X       X  2 
6 X            X  X  X       X  5 
7                 X       X  2 
8                 X         1 
9                 X        X 2 
10         X    X  X  X       X X 6 
11         X               X  2 
12                 X       X X 3 
13                 X       X X 3 
14                         X 1 
15      X  X                  2 
16        X     X  X     X      4 
17        X     X  X X          4 
18        X X    X  X     X X     6 
19        X                  1 
20             X  X           2 
21         X                 1 
22          X   X  X     X      4 
23         X X   X  X     X      5 
24         X X   X  X X          5 
25         X X   X  X     X      5 
26         X X   X  X           4 
27   X       X   X   X  X X       6 
28         X X   X  X     X      5 
29         X    X  X     X X     5 
30    X         X  X     X X     5 
31  X X X X X X X X  X X X X X     X X X X   17 
32  X X X  X X X X  X X X X X X  X  X X     16 
33         X    X  X     X      4 
34               X     X      2 
35   X X    X X X  X X  X X  X X X      12 
36  X X   X  X X X  X X  X X  X X X X     14 
37   X   X   X X   X  X X  X X X      10 
38  X X  X X  X X X  X X  X X   X X X     14 
39    X            X          2 
40     X                     1 
41         X    X  X     X      4 
42         X                 1 
43        X                  1 
44         X     X      X      3 
45             X  X     X      3 
46        X X    X  X     X      5 
47         X                 1 
48         X    X  X     X      4 
49   X      X        X       X X 5 
50         X     X   X       X X 5 
51               X           1 
52              X X         X X 4 
53                X          1 
54                X          1 
55                X          1 
56      X   X X   X  X X    X X     8 
57    X  X   X   X X  X     X      7 
58     X X   X   X X  X     X      7 
59     X    X    X X X     X X     7 
60         X X     X           3 
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61                   X       1 
62    X    X  X  X X  X   X X X      8 
63  X      X X    X  X   X X X      8 
64         X                 1 
65         X    X  X           3 
66                X          1 
67         X        X       X X 4 
68 X             X X  X       X  5 
69        X X    X X X    X X      7 
70               X           1 
71         X    X  X     X      4 
72  X     X  X      X           4 
73                    X      1 
74        X X     X            3 
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